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Ring-necked pheasant production on 
post-contract Conservation Reserve Program 
grasslands in southwestern North Dakota
B.A. Geaumont1, M.A. Vlaminck1, C.S. Schauer2 and K.K. Sedivec1

1School of Natural Resource Sciences, North 
Dakota State University, Fargo, ND 58105
2Hettinger Research Extension Center, North 
Dakota State University, Hettinger, ND 
58639

The objective of our research was 
to use post-Conservation Reserve 
Program lands to evaluate the effect 
of multiuse land management systems 
and demonstrate the potential viability 
and sustainability of producing both 
agricultural and wildlife outputs. Ring-
necked pheasants (Phasianus colchicus) 
utilized the seasonlong grazing pasture 
and idle land to a greater extent 
than crop and hay lands for nesting 
cover. Our fi ndings suggest that under 
proper utilization, a multiuse land 
management system has the potential to 
produce both agricultural and wildlife 
outputs.

Introduction
The Conservation Reserve Program 
(CRP) was established in 1985 as 
amended by the Food Security Act 
(U.S. Department of Agriculture, 
1997). The program was intended to 
aid farmers in placing marginal agri-
cultural land into the CRP for at least 
a 10-year period. The goals of the CRP 
include the improvement of water 
quality and the prevention of soil ero-
sion. Recent additions to the CRP have 
included the creation of prime wildlife 
habitat as a goal of the program (Risley 
et al., 1995). 

Throughout the northern Great Plains, 
enrollment into CRP has been substan-
tial (Farm Service Agency, 2008). As 
well as providing income to land-
owners (Leistritz et al., 2002), many 
wildlife populations, including the 
ring-necked pheasants, have benefi ted 
(Riley, 1995). The increase in ring-
necked pheasant populations has been, 
in part, attributed to the increased 
nesting and winter habitat provided by 
CRP. Along with increased ring-necked 
pheasant populations, southwestern 
North Dakota has seen an associated 
increase in hunting opportunity. For 
many economically stressed communi-
ties, an increase in hunting opportuni-
ties has led to an increase in revenues 
brought about by the large infl ux of 
in-state and out-of-state sportsmen and 
women. The increase in revenue has 

benefi tted many local economies and 
provided income for landowners who 
may charge for guiding services and 
access fees (Hodur et al., 2004). 

The future of the CRP is not clear. In 
2007, approximately 419,794 acres 
of CRP lands were removed from the 
program in North Dakota, with the 
participation of more lands due to ex-
pire before 2010 (Farm Service Agency, 
2007). The future use of CRP land 
could impact local economies, as well 
as aspects of the environment, includ-
ing ring-necked pheasant populations.  

Previous research has demonstrated 
differences in use between row crops 
and CRP grasslands by ring-necked 
pheasants during the breeding season 
(Best et al., 1995). However, little 
data is available with respect to ring-
necked pheasant use of grazing lands. 
Early research in southwestern North 
Dakota found no nests in heavily 
grazed pastures (North Dakota Game 
and Fish Department, 1956). For some 
landowners, managing post-CRP lands 
for both agricultural and environmen-
tal outputs may be benefi cial, both 
economically and environmentally. 
Therefore, the objective of this research 
was to use post-Conservation Reserve 
Program lands to evaluate the effect 
of multiuse land management systems 
and demonstrate the potential viability 
and sustainability of producing both 
agricultural and wildlife outputs.
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Materials and Methods
The study sites were in Adams County, 
in southwestern North Dakota. Both 
study sites were within three miles of 
Hettinger, N.D. All animal care and 
handling procedures were approved 
by the North Dakota State University 
Institutional Animal Care and Use 
Committee prior to the initiation of 
the study. Each study site consists 
of approximately 640 acres of land. 
Treatments were determined using a 
randomized complete block design on 
two different study sites (replicates). 
Each study site was divided into three 
different plots and treatments (grazed, 
hayed, idle, crop) selected randomly. 
The seasonlong (SL) treatment com-
prised 320 acres and was grazed by 
33 to 45 Angus x Hereford cows. The 
remaining treatments comprised 80 
acre parcels and included no-till barley 
(NTB), no-till corn (NTC), hayed 
(HAY) or idle (ID). The SL was grazed 
from June 1 to Jan. 1 each year, target-
ing 50 percent use. Stocking densities 
were adjusted each year to achieve ap-
proximately 50 percent use. HAY was 
harvested annually during the second 
week in July. The NTB was harvested 
for forage as hay in early July and 
grazed as aftermath with unharvested 
NTC from Jan. 1 to April 1, at which 
time the cows were returned to the 
Hettinger Research Extension Center, 
calved and fed harvested forage until 
June 1. The ID represented continued 
CRP and remained intact without any 
forage harvesting. The NTC and NTB 
were managed using an annual crop 
rotation system between two 80-acre 
parcels. 

Pheasant nest recruitment of each land 
management type (SL, NTB, NTC, 
HAY and ID) was determined using a 
technique described by Higgins et al. 
(1969). Pheasant nests were located 
by dragging a 100-foot chain 0.33 
inch in diameter between two all-
terrain vehicles (ATVs). Presence of a 
nest was determined when a hen was 
fl ushed from her nest and one or more 

eggs were present. Each study site was 
searched in its entirety once every two 
weeks beginning in late April or early 
May and continuing until July 15 to 
determine the presence of nests and 
timing of primary nesting (Hanson 
and Progulske, 1973). Upon locating 
each nest, time of nest initiation was 
determined utilizing a technique de-
scribed by Westerkov (1950). Each nest 
was revisited every three to fi ve days 
to determine nest fate. Ring-necked 
pheasant nest success was calculated 
using a modifi ed Mayfi eld method 
as described by Miller and Johnson 
(1978). A nest was considered success-
ful when at least one chick hatched and 
left the nest. Nest density and standard 
errors of the mean were calculated for 
each treatment. 

Results and Discussion
The degree of disappearance was 
lower than the target 50 percent on all 
ecological sites for both years (Table 
1). Forage utilization was greatest on 

the loamy overfl ow ecological sites, 
compared with loamy or shallow loamy 
sites in 2006 and 2007. The loamy 
sites were more utilized than the shal-
low loamy sites in 2006 and 2007. 
The loamy ecological sites had greater 
disappearance than the shallow loamy 
sites in 2006; however, the shallow 
loamy sites had greater disappearance 
than the loamy sites in 2007. 

Thirty-three ring-necked pheas-
ant nests were located in 2006. On 
average, hen pheasant nest initiation 
occurred during the third week of May, 
with the earliest observed nest initi-
ated on April 18 and latest initiated 
on June 7. In 2007, 46 nests were 
located, with the average initiation date 
occurring about a week earlier (May 9) 
than 2006. The earliest observed nest 
was initiated April 11 and latest initi-
ated June 10. In 2006 (representing 
pretreatment of study), nest densities 
(number of nests per/100 acres) were 
similar among treatments (P = 0.90; 
Table 2). Nest densities ranged from 

Table 1. Degree of disappearance (%) for the loamy, loamy overfl ow and 
shallow loamy ecological sites near Hettinger, N.D., in 2006 and 2007. 

 2006 2007

Ecological Site Grass Forbs Grass Forbs

Loamy 45.2 ± 10.4 32.4 ± 7.6 28.0 ± 6.8 70.0 ± 10.0
Loamy overfl ow 53.7 ± 1.6 21.2 ± 0 44.2 ± 8.8 50.0 ± 0
Shallow loamy 27.5 ± 15.0 39.8 ± 10.6 31.3 ± 8.5 80.0 ± 10.0

Table 2. Nest density (nests/100 acre) and nest success (% successful) on 
NTC, NTB, HAY, SL and ID treatments on post-Conservation Reserve Program 
lands near Hettinger, N.D., in 2006 and 2007.

 Treatment1 

Item SL ID HAY NTC NTB P-value2 

Nest density/100 ac.      
 2006 2.8 ± 0.60 1.3 ± 0 2.5 ± 1.35 1.9 ± 1.9 2.5 ± 2.5 0.90
 2007 3.4 ± 1.25 10.0 ± 5.0 1.3 ± 0.00 1.3 ± 1.25 0 0.06

Nest success, %      
 2006 53.5 ± 17.5 1.0 ± 1.0 18.5 ± 17.5 6.0 ± 6.0 50.0 ± 50.0 0.41
 2007 33.5 ± 16.5ab 58.5 ± 41.5ab 100.0 ± 0.0a 1.0 ± 1.0ab 0b 0.05

1Treatment abbreviations: SL = seasonlong grazing, ID = idle, HAY = hay lands, 
NTC = no-till corn, NTB = no-till barley.
2P-value for treatment; P ≤ 0.05 considered signifi cant.
a,bMeans within rows having differing superscripts differ P ≤ 0.05.



5

1.25 nests/100 acres in the ID to 2.8 
nests/100 acres in the SL. Nest density 
exhibited a trend for treatment effect 
(P = 0.06; Table 2) in 2007, with nest 
densities ranging from no nests in the 
NTB to 10 nests/100 acre in the ID. 

The percentages of successful nests (P 
= 0.41; Table 2) did not differ among 
treatments for 2006. However, nest 
success was different (P = 0.05; Table 
2) between the NTB and the HAY 
treatments in 2007 at 0 percent and 
100 percent, respectively. There were 
no other signifi cant differences in nest 
success among treatments in 2007.

Results obtained from the 2006 fi eld 
season were baseline in nature. The 
blocks (replicates) had been enrolled 
in the CRP for at least the previous 10 
years. Consistent with previous studies, 
ring-necked pheasants at our study 
sites used the cropland to a lesser de-
gree as nesting cover than those treat-
ments that consisted of a permanent 
cover, primarily seasonlong grazing and 
idle lands. Under a moderate grazing 
strategy (50 percent disappearance), 
hen pheasants continued to utilize 
these areas as nesting cover. In con-
trast with previous studies, a moderate 
grazing plan may be more benefi cial 

for nesting ring-necked pheasants than 
pastures and rangelands that are heavily 
grazed. 

Our fi ndings demonstrate the impor-
tance of maintaining areas of perma-
nent cover for ring-necked pheasant 
production and recruitment. Fifty per-
cent disappearance of available herbage 
may leave suffi cient residue to meet 
the nesting and cover requirements 
of breeding pheasants. Therefore, 
landowners may benefi t economically 
under such a grazing regimen by pro-
viding forage for continued livestock 
production, as well as maintaining the 
appropriate cover required for ring-
necked pheasant production. Although 
we are two years into our four-year 
trial, our data suggests that landowners 
with lands enrolled in CRP who are 
concerned with both agricultural and 
environmental outputs may benefi t 
from a similar management plan as the 
one utilized in this study.
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Evaluation of annual forages as alternatives to native range 
as fall-winter forage in south-central North Dakota 
B.W. Neville1, D.L. Whitted1, P.E. Nyren2, G.P. Lardy1 and K.K. Sedivec1

The objective of this study was to 
determine the effects of grazed annual 
forage type on beef cow performance 
during fall and early winter grazing in 
North Dakota. No differences in cow 
performance were observed between 
annual forage treatments and native 
range. However, grazing costs may be 
reduced with some annuals, compared 
with native range. Annual forage mixes 
show promising results when consider-
ing beef cow performance; however, 
work is needed to decrease planting costs 
in café mixes.

Summary
The objective of this study was to 
determine the effects of grazed annual 
forage type on beef cow performance 
during fall and early winter grazing in 
North Dakota. One hundred fi fty-nine 
mature, pregnant beef cows stratifi ed 
by initial body weight (BW) (1,176 ± 
93.27 pounds) and initial body condi-
tion score (BCS) (5.29 ± 0.41) were 
assigned to graze one of four treatment 
forages: 1) foxtail millet; 2) turnips; 
3) a forage mix (café) consisting of 
turnip, forage radish, cowpea, soybean, 
sunfl ower and foxtail millet; or 4) 
native range (which was the control). 
Annual forages were seeded on July 13. 
Stocking rates were determined based 
on measured forage production and es-
timated utilization. Cows were allowed 
to graze from Oct. 16 to Nov. 27. 
Daily gain was 1.98 ± 0.22 pound per 
head per day (lb·hd-1·d-1) and did not 
differ (P = 0.29) between treatments. 
There were increases in BCS for cows 
grazing café and foxtail millet when 
comparing initial and fi nal BCS (5.27 
vs. 5.63; P = 0.004 and 5.30 vs. 5.57; 
P = 0.05 for café and foxtail millet, 
respectively); however, there were no 
differences between treatments for fi nal 
BCS (P = 0.31) or change in BCS (P = 
0.10). Calculated costs for grazing were 
$0.75, $0.83, $1.80 and $1.27 per 
head per day (hd-1·d-1), respectively, for 
foxtail millet, turnips, café and native 
range. Much of the increased cost for 
grazing the café mix of annuals was due 
to inclusion of soybeans and cowpeas, 
which increased seeding costs by $35 

per acre. Use of more cost-effective 
legume species likely will increase the 
cost effectiveness of these forage mix-
tures. Given that both the foxtail millet 
and turnips produced more forage than 
café, producers could benefi t from 
increased stocking rates when utilizing 
these forage crops in their livestock 
production systems. Annual forage 
mixes, such as the café treatment, show 
promising results when considering 
beef cow performance; however, work 
is needed to decrease planting costs.  

Introduction
Livestock producers continually try 
to extend the grazing season with the 
knowledge that extending grazing re-
duces feed costs (D’Souza et al., 1990; 
Adams et al., 1994). Allowing cattle 
to graze stockpiled perennial forages 
decreased the amount of hay needed 
to maintain body condition (Hitz and 
Russell, 1998). Grazing annual forages 
is another such way to not only graze 
livestock longer into the fall or early 
winter, but also provide potentially 
higher quality forages. Brassicas, such 
as turnips, are one example of an an-
nual forage that can be grazed effec-
tively by sheep (Koch et al., 2002) or 
cows. A warm-season annual, foxtail 
millet, previously has been evaluated 
as a standing, bale-fed or swath-grazed 
forage (Munson et al., 1999) for win-
tering beef cows. More recently, forage 
mixtures often including warm-season 
annual grasses, legumes and Brassicas 
have received more interest, not only 
because of benefi ts to cattle perfor-

1Department of Animal Sciences, North 
Dakota State University, Fargo, N.D.
2Central Grasslands Research Extension 
Center, Streeter, N.D.
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mance, but also possibly improving soil 
health. These benefi ts include reducing 
soil compaction and nitrogen scaveng-
ing and addition to the soil (Sustain-
able Agriculture Network, 2007). 
We know of no published literature 
comparing cow performance when 
mixtures of these species are grazed 
(turnips, foxtail millet and annual 
grasses); therefore, our objective was 
to determine the effects annual forage 
type on beef cow performance under 
grazing conditions during the fall and 
early winter in North Dakota.

Materials and Methods
This study was conducted at the 
Central Grasslands Research Exten-
sion Center (CGREC) in south-central 
North Dakota, approximately nine 
miles northwest of Streeter, N.D. All 
animal care and handling procedures 
were approved by the NDSU Institu-
tional Animal Care and Use Commit-
tee prior to the initiation of the study. 
One hundred fi fty-nine mature, preg-
nant Angus- Simmental cross beef cows 
were stratifi ed by initial BW (1,176 ± 
93.27 pounds) and initial BCS (5.29 
± 0.41) and assigned randomly to 
graze one of four treatment forages 
from Oct. 16 to Nov. 27, 2007. At the 
beginning and end of the trial, two-day 
body weights and BCS (Wagner et al., 
1988) were collected. Treatments were: 
1) foxtail millet; 2) turnips; 3) a forage 
mix (café) consisting of turnip, forage 
radish, cowpea, soybean, sunfl ower and 
foxtail millet; or 4) standing dormant 
native range (which was the control). 
The most prevalent species on native 
range were blue grama, needle and 
thread, sunsedge, western snowberry 
and Kentucky bluegrass.

Seeding of annual forages occurred on 
July 13. Seeding rates for foxtail millet 
and turnips were 20 and 3.5 pounds 
per acre (lb/ac), respectively. The 
cafeteria treatment (café) was seeded 
with a seed mixture containing 20, 
15, 4, 1, 1 and 0.5 lb/ac for soybean, 
cowpea, foxtail millet, sunfl ower, rad-

ish and turnip, respectively. Fertilizer 
at 50 lb/ac (two-thirds urea, one-third 
nitrogen 11: phosphorus 52) was 
applied at time of seeding. Rainfall 
events totaled 2.99, 3.95, 2.02 and 
1.5 inches per month for July, August, 
September and October, respectively 
(North Dakota Agricultural Weather 
Network, 2008). These totals were, 
on average, 0.69 inch per month 
below the previous fi ve-year aver-
age for this area (NDAWN, 2008). 
Forage sampling for production data 
was conducted on Sept. 7 and Oct. 4 
prior to grazing. At each pre-grazing 
sampling date, 10 0.25 m2 plots were 
clipped per paddock, or 30 plots per 
treatment. Further, forage samples were 
collected at the initiation of and then 
weekly throughout the grazing period. 
Forage samples were analyzed for crude 
protein, acid and neutral detergent 
fi ber, calcium, phosphorus, and in vitro 
organic matter and dry-matter disap-
pearance.

Stocking rates were determined based 
on forage production and estimated 
utilization. We estimated cattle would 
consume 80 percent of all forage in the 
café, 70 percent of the foxtail millet, 25 
percent of the grasses and 15 percent 
of the forbs in the native range, and 
90 percent of turnip foliage and 30 
percent of turnip bulbs in the turnip 
paddocks. 

Rental and custom rates were used to 
calculate cost of forage establishment 
for an economic comparison. The 
costs used were $14 and $39 per acre 
for land rental of nonirrigated pasture 
and nonirrigated cropland, respectively 
(National Agricultural Statistics Ser-
vice, 2007a). Custom rates for tillage, 
spraying and planting were determined 
from NASS (2007b). 

Cow performance data was analyzed 
as a complete random design using 
general linear model (GLM) proce-
dures of SAS (SAS Institute Inc., Cary, 
N.C.). The experimental unit was pad-
dock and treatment was forage type. 
Statistical analysis was conducted for 
differences in initial BW, initial BCS, 
fi nal BW, fi nal BCS, average daily gain 
(ADG) and BCS change. Initial BW 
was tested as a covariant and was not 
signifi cant; thus, it was removed from 
the model.

Results and Discussion
Forage production at the time stock-
ing rates were calculated was 2,310, 
5,025, 2,647 and 5,238 lb/ac for café, 
foxtail millet, native range and turnips, 
respectively. However, certain species, 
such as turnips, continued to grow into 
the grazing season as evidenced by in-
creased production numbers (data not 
presented). Percent composition of the 
café treatment pastures is presented in 
Table 1. At the time stocking rates were 

Table 1. Species composition (% of total DM) of café treatment 
pastures through time at Central Grasslands Research Extension 
Center, Streeter, N.D., in 2007.

 Date

 Sept. 71 -Oct. 41 Oct. 162 Oct.312 Nov. 112

Cowpea (%)  1.8  1.5  0.3  0.0 0.1
Foxtail millet (%) 45.0 52.5 45.8 57.0 30.0
Other forbs (%) 13.5  3.8  2.0  1.0 0.0
Radish (%)  5.0  3.6  5.9  1.8 0.3
Soybean (%)  7.0  3.7  3.8  0.0  0.5
Sunfl ower (%) 13.7  8.3  6.4 10.8  5.6
Turnip tops (%) 14.0  9.1 17.8 10.6  8.3
Turnip bulbs (%) - 17.5 18.1 18.8 55.3

1Samples collected prior to grazing (n=10/paddock).
2Samples collected during grazing study (n=3/paddock).
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calculated, Oct. 4, average production 
was 22.3, 1,078.6, 65.2, 50.4, 222.9, 
231.5 and 639.3 lb/ac (dry-matter 
[DM] basis) for cowpeas, foxtail millet, 
radish, soybean, sunfl ower, turnip tops 
and turnip bulbs, respectively. Desic-
cation and, to a lesser extent, grazing 
by wildlife decreased the amount of 
cowpeas, soybeans and sunfl owers pres-
ent in the café pastures as the grazing 
season progressed. In fact, cowpeas had 
all but disappeared from the café treat-
ment at the time grazing began, while 
soybean disappeared by Oct. 31. Other 
forages, such as radish and naturally 
occurring forbs, also nearly disappeared 
by the end of the grazing season. 
The fact that cowpeas and soybeans 
disappeared prior to the beginning of 
or during the grazing season further 
illustrates that these species may not be 
well-suited for this type of grazing or 
at least under the conditions present in 
this study. Further alterations in seed-
ing rates, soil preparation or fertiliza-
tion could change these outcomes. 

Forage quality at the beginning of the 
grazing season is presented in Table 
2. Crude protein (CP) values for all 
forages were above the 7 percent CP 
requirement for mature gestating beef 
cows listed by NRC (1996). At the 
time of publication, laboratory analysis 
for forage samples collected during the 
grazing season had not been com-
pleted. 

Initial BW was affected (P = 0.005; 
Table 3) by treatment. This is likely 
due to cattle being stratifi ed from a 
weight taken fi ve days prior to the ini-
tiation of this study. Weights reported 
in this study did not include this 
weight, but rather the average of a two-
day weight taken one day prior to and 
the day of initiation of this study. Cow 
BW increased 1.98 ± 0.22 lb·hd-1·d-1; 
however, these ADG did not differ (P = 
0.29) between treatments. While there 

were no treatment differences in ADG, 
this data indicates that any of these 
annual forages would be an accept-
able alternative to grazing native range 
during the early winter. There were 
increases in BCS for café and foxtail 
millet-grazed cows when comparing 
initial and fi nal BCS (5.27 vs. 5.63; P 
= 0.004 and 5.30 vs. 5.57; P = 0.05); 
however, a difference between treat-
ments for either fi nal BCS (P = 0.31) 
or change in BCS (P = 0.10) could not 
be established. Interestingly, the foxtail 
millet and café-grazed cattle had nu-
merically lower ADG, but numerically 
greater change in BCS. The differences 
are likely due to nutritional differences 
among forages that occurred as the 
grazing season progressed. Differences 
between café and foxtail millet could 
be due, in part, to variability in forage 
DM between treatments, as well as the 

intake of oat straw for turnip-grazing 
cows leading to increased gut fi ll. 

Calculated costs for grazing forages 
were $0.75, $0.83, $1.80 and $1.27 
hd·d-1, respectively, for foxtail millet, 
turnips, café and native range. Much 
of the increased cost for grazing café 
mix of annuals was incurred due to the 
inclusion of soybeans and cowpeas. 
These two forages increased seeding 
costs by $35 per acre, while providing 
little to the total forage production of 
the café paddocks. It is not known how 
much these legumes contributed to the 
production of the other annual species 
due to their ability to fi x nitrogen. 
Further use of more cost-effective 
legume species, such as red clover and 
sweet clover, may increase the cost 
effectiveness of these forage mixtures. 
Additionally, the application of this 

Table 2. Forage quality of annual forages and native range at the 
initiation of grazing (Oct. 16 ) at Central Grasslands Research Extension 
Center, Streeter, N.D., in 2007. 

 Treatment1 

 Café2 Foxtail Millet Native Range Turnips

Crude protein (%) 10.13 ± 0.34 12.02 ± 0.36  8.15 ± 1.44 13.61 ± 1.96
NDF (%) 41.92 ± 3.16 61.74 ± 1.93 65.26 ± 2.85 21.58 ± 0.95
ADF (%) 23.83 ± 1.62 33.02 ± 1.10 36.16 ± 0.76 16.98 ± 1.23
IVDMD (%) 74.18 ± 1.18 64.72 ± 1.86 50.59 ± 0.44 87.00 ± 1.05
IVOMD (%) 58.53 ± 5.13 63.65 ± 1.59 50.80 ± 0.90 87.70 ± 0.50
Ca (%)  1.46 ± 0.45  0.45 ± 0.05  0.54 ± 0.10  1.47 ± 0.33
P (%)  0.38 ± 0.01  0.25 ± 0.02  0.15 ± 0.01  0.38 ± 0.03

1Weighted means (mean ± standard deviation). 
2When insuffi cient sample was present to analyze for the value of interest, an average of 
the remaining values was used.
 

Table 3. Performance of beef cows grazing annual forages and native 
range at Central Grasslands Research Extension Center, Streeter, N.D., 
in 2007. 

  Foxtail Native   Treatment  
 Café Millet Range Turnips SE P-value

Initial BW, lb 1178.8ab 1184.9a 1170.6b 1170.6b 2.23 0.005
Initial BCS 5.27 5.30 5.38 5.22 0.04 0.15
Final BW, lb 1261.3 1254.6 1258.2 1265.9 9.57 0.85
Final BCS 5.63 5.57  5.47 5.48  0.06 0.31
ADG, lb 1.94  1.65  2.07  2.27  0.22 0.29
ΔBCS 0.36  0.26  0.10  0.26  0.06 0.10

abcMeans are different at P < 0.05. 
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type of grazing in a double-cropping 
system, where a forage or cereal crop is 
removed prior to planting of the winter 
pasture forage, could prove more eco-
nomically benefi cial. 

Implications
Given that both the foxtail millet and 
turnips produced more forage than café 
and that there were no statistical dif-
ferences observed in cow performance, 
producers could benefi t from increased 
stocking rates when utilizing these 
annual forage crops in their livestock 
production systems. Annual forage 
mixes, such as the café treatment, show 
promising results when considering 
beef cow performance; however, work 
is needed to decrease the cost of plant-
ing these mixtures to make application 
more economical.
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Effects of corn condensed distillers solubles 
supplementation on performance and dry-matter intake 
of beef cows consuming forage-based diets
L.R. Coupe1, G.P. Lardy1, A.M. Meyer1, B.W. Neville1, J.L. Leupp1 and J.S. Caton1

The objectives of this study were 
to evaluate the effects of corn 
condensed distillers solubles (CCDS) 
supplementation on cow performance, 
body condition score and feed intake. 
Supplementation of CCDS resulted 
in increased body weight gain. Forage 
dry-matter intake was decreased in cows 
supplemented with CCDS.

Summary 
Eighty crossbred cows (1,336 ± 23 
pounds of initial body weight, 5 ± 
0.1 of initial body condition score) in 
mid to late gestation were used in a 
randomized complete block design to 
determine the effect of feeding method 
and level of corn condensed distillers 
solubles (CCDS) supplementation on 
performance of beef cows fed forage-
based diets. Cows were housed in a dry 
lot, blocked by body weight (BW) and 
projected calving date, and allocated 
to one of fi ve treatments (four repli-
cates per treatment). Treatments were 
arranged in a 2 x 2 + 1 factorial design; 
main effects were feeding method 
(mixed vs. fed separately) and level of 
CCDS (0.2 percent vs. 0.4 percent 
BW; 29.7 percent crude protein [CP], 
24.3 percent fat, dry matter [DM] ba-
sis). The resulting fi ve treatments were 
a negative control (no supplement), 
0.2 percent BW CCDS (DM basis) 
mixed with the forage, 0.4 percent 
BW CCDS (DM basis) mixed with 
the forage, 0.2 percent CCDS (DM 
basis) supplement fed separately and 
0.4 percent BW CCDS (DM basis) fed 
separately. All treatments were offered 
ad libitum forage (7.9 percent CP, 65.3 
percent neutral detergent fi ber (NDF), 
41.6 percent acid detergent fi ber 
(ADF); DM basis) which consisted of a 
mixture of 40 percent grass hay and 60 
percent corn stover. The trial lasted for 
48 days; cows were weighed every 14 
days and body condition score (BCS) 

was evaluated at the beginning and 
end of the trial. Supplemented cows 
had greater (P < 0.001) BW gains than 
nonsupplemented cows. Cows supple-
mented 0.4 percent CCDS had greater 
(P = 0.005) weight gains than cows fed 
0.2 percent CCDS. There was no treat-
ment effect (P = 0.87) on BCS change. 
Nonsupplemented cows had greater 
(P = 0.006) forage DM intake (DMI) 
than cows on all supplemented treat-
ments. Mixing CCDS with the forage 
resulted in lower (P = 0.004) forage 
DMI, compared with diets where 
CCDS was fed separately. Total (forage 
and CCDS) DMI was increased (P 
< 0.001) in treatments with CCDS 
fed separately, compared with those 
treatments where CCDS was mixed 
with forage. Corn condensed distill-
ers solubles appear to be an effective 
supplement for cows fed forage-based 
diets.

Introduction
With the expansion of the ethanol 
industry and steady rise of feed costs, 
alternative feeds and the use of byprod-
ucts are becoming more important. 
Corn condensed distillers solubles 
(CCDS) are one ethanol byproduct 
that is available. Corn condensed 
distillers solubles are relatively high in 
CP and fat, which makes this product 
appealing for supplementing winter-
ing beef cows. Low-quality forages 
and crop residues are a plentiful and 
economical resource that can be an 
important asset in ruminant animal 
diets. However, to achieve an accept-
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able level of animal production, energy 
and/or protein supplementation must 
be provided. Protein supplementation 
can increase forage intake and utiliza-
tion, and subsequently increase cattle 
performance (Bodine et al., 2001). 
Specifi cally, rumen-degradable protein 
has been reported to improve forage 
intake and animal performance when 
low-quality forages are fed (Köster et 
al., 1996).

Corn condensed distillers solubles are 
high in both protein and fat (20 per-
cent to 30 percent CP and 4 percent 
to 20 percent fat, DM basis). The 
objectives of this study were to evaluate 
the effects of CCDS supplementation 
on cow performance, body condition 
score and feed intake.

Materials and Methods
Animals and Diets

Eighty crossbred cows, in their third 
trimester of gestation, were used in a 
randomized complete block design. 
Cows were weighed and assigned a 
body condition score (BCS) on two 
consecutive days at the initiation and 
conclusion of the trial. Cows were 
housed in a dry lot and assigned to 
one of 20 pens by BW and projected 
calving date, and were weighed every 
14 days. Cows were offered ad libitum 
access to a basal diet consisting of 40 
percent grass hay and 60 percent corn 
stover, which was chopped and mixed 
(Table 1). Cows had free access to 
water, mineral (minimum 9 percent of 
calcium [Ca], 21,120 parts per million 
[ppm] of zinc [Zn], 7,000 ppm of 
copper [Cu], 28,000 ppm of manga-
nese [Mn], 75 ppm of cobalt [Co], 
350 ppm of iodine [I] and 175 ppm 
of selenium [Se]; Interstate Vet Clinic, 
Mandan, N.D.), and trace mineralized 
salt (minimum 93 percent of sodium 
chloride [NaCl], 0.008 percent of Co, 
0.039 percent of Cu, 0.008 percent 
of I, 0.2 percent of iron [Fe], 0.19 
percent of Mn, 0.38 percent of Zn and 
0.0053 percent of Se; Trouw Nutrition, 
Highland, Ill.). Orts were collected 

twice weekly, weighed, subsampled and 
analyzed. 

Treatments were arranged in a 2 x 2 
factorial design with main effects of 
CCDS level (0.2 percent BW vs. 0.4 
percent BW CCDS, DM basis) and 
feeding method (either mixed with the 
forage or fed separately). This resulted 
in the following treatments: negative 
control (no supplement), 0.2 percent 
BW CCDS mixed with the forage 
(0.2 percent MIX, DM basis), 0.4 
percent BW CCDS mixed with the 
forage (0.4 percent MIX, DM basis), 
0.2 percent CCDS supplement fed 
separately in tanks (0.2 percent SEP, 
DM basis) and 0.4 percent BW CCDS 
fed separately (0.4 percent SEP, DM 
basis). 

Results and Discussion
Cow performance and BCS data are 
reported in Table 2. There were no 
signifi cant level x feeding method in-
teractions for any variable measured (P 
> 0.54). There was no effect (P = 0.66) 
of treatment on initial BW. There was 
an effect (P < 0.001) of treatment on 
BW change. Cows supplemented with 
CCDS had greater (P < 0.001) weight 
gain than control cows. Also, cows 
supplemented CCDS at the 0.4 per-
cent level had greater weight gains (P = 
0.005) than cows supplemented CCDS 

at the 0.2 percent level. There was a 
treatment effect (P = 0.047) on fi nal 
BW. Supplemented cows weighed more 
(P = 0.05) than control cows at the 
conclusion of the trial. Furthermore, 
cows supplemented CCDS at the 0.4 
percent level weighed more (P = 0.042) 
than cows supplemented CCDS at the 
0.2 percent level. There was no effect 
(P > 0.326) of treatment on initial or 
fi nal BCS. 

Control cows had greater forage 
DMI than supplemented cows when 
expressed as pounds per day (lb/d) 
(P = 0.006) or percentage of BW (P 
= 0.003). Cows fed CCDS separately 
from forage had greater (P < 0.004) 
forage DMI than cows fed CCDS 
mixed with forage. This confl icts with 
the results found in a recent study by 
Gilbery et al. (2006). Reasons for the 
differences between these studies are 
unclear. 

By design, there was a signifi cant effect 
of treatment on CCDS DMI (P < 
0.001). There was also a treatment ef-
fect on total DMI when expressed on a 
lb/d (P < 0.037) and percentage of BW 
basis (P < 0.016). Cows fed CCDS 
supplement mixed with forage had 
lower (P < 0.002) total DMI than cows 
fed CCDS separately. 

Results of this study suggest that 
CCDS are an effective supplement for 
beef cows that can improve perfor-
mance of gestating cows fed a forage-
based diet. More research is needed to 
fully determine and understand the 
effects of CCDS on DMI.

Implications
Corn condensed distillers solubles 
supplementation increased cow per-
formance. Corn condensed distillers 
solubles may be supplemented with 
low- to moderate-quality forages to 
provide adequate protein and energy 
required. Supplementation of CCDS 
may cause forage intake to decrease, 
possibly due to substitution effect. 

Table 1. Analyzed nutrient content of 
forage and corn condensed distillers 
solubles (CCDS).

Item, % Forage1 CCDS2

DM  24.6

        %, DM Basis

Fat ND3 24.3
Ash 12.1  7.4
CP  7.9 29.7
NDF 65.3 ND
ADF 41.6  0.5
Ca  0.6  0.1
P  0.1  1.3
S ND  1.7

1Forage consisted of 40% grass hay 
and 60% corn stover.
2CCDS = corn condensed distillers solubles
3ND = Not determined



12 2007 Beef Cattle and Range Research Report

Literature Cited                                                                                                                                     
Bodine, T.N., H.T. Purvis II and D.L. Lal-

man. 2001. Effects of supplement type 
on animal performance, forage intake, 
digestion, and ruminal measurements 
of growing beef cattle. J. Anim. Sci. 
79:1041-1051.

Gilbery, T.C., G.P. Lardy, S.A. Soto-Navarro, 
M.L. Bauer and J.S. Caton. 2006. Effects 
of corn condensed distillers solubles 
supplementation on ruminal fermenta-
tion, digestion and in situ disappearance 
in steers consuming low-quality hay. J. 
Anim. Sci. 84:1468-1480.

Table 2. Effects of corn condensed distillers solubles (CCDS) supplementation on cow performance 
while consuming a forage-based diet.

 Treatment1 Contrast2

  0.2% 0.4% 0.2% 0.4%   CON vs.  MIX vs.  HIGH vs. METH x
Item CON MIX MIX SEP SEP SEM3 P-value4 SUP SEP LOW LEV

BW, lb           
 Initial 1338.5 1348.2 1349.9 1307.6 1336.2 22.9 0.659 0.900 0.220 0.490 0.539
 Final 1484.0 1536.3 1577.1 1491.4 1554.7 26.4 0.047 0.050 0.188 0.042 0.655
 Change 145.5 188.1 227.2 183.8 218.5 13.37 <0.001 <0.001 0.612 0.005 0.865

BCS           
 Initial 4.84 5.03 4.99 5.05 5.02 0.12 0.701 0.157 0.808 0.772 0.990
 Final 5.35 5.63 5.61 5.63 5.47 0.12 0.326 0.068 0.450 0.551 0.551
 Change 0.51 0.45 0.61 0.57 0.60 0.13 0.871 0.719 0.653 0.437 0.594

1CON = forage only, 0.2% MIX = forage mixed with 0.2% BW corn condensed distillers solubles supplement, 0.4% MIX = forage mixed with 
0.4% BW corn condensed distillers solubles supplement, 0.2% SEP = forage with 0.2% BW corn condensed distillers solubles supplement fed 
separately, 0.4% MIX = forage with 0.4% BW corn condensed distillers solubles supplement fed separately.
2CON vs. SUP = control treatment vs. all supplemented treatments, MIX vs. SEP = forage and corn condensed distillers solubles mixed vs. forage 
and corn condensed distillers solubles fed separately, HIGH vs. LOW = 0.4% BW corn condensed distillers solubles level vs. 0.2% BW corn con-
densed distillers solubles level, METH vs. LEV = method of feeding (mixed and fed separately) and corn condensed distillers solubles supplemen-
tation level interaction.
3n = 4 observations per treatment.
4Probability value for the F-test of overall treatment.

Table 3. Effects of corn condensed distillers solubles (CCDS) on DMI on cows consuming forage-based diet.

 Treatment1 Contrast2

  0.2% 0.4% 0.2% 0.4%   CON vs.  MIX vs.  HIGH vs. METH x
Item CON MIX MIX SEP SEP SEM3 P-value4 SUP SEP LOW LEV

Intake, lb/d          
 Forage 30.84 25.80 24.85 29.80 27.87 1.20 0.002 0.006 0.004 0.232 0.680
  CCDS 0.00 2.46 4.88 2.63 5.17 0.05 <0.001 <0.001 <0.001 <0.001 0.165
 Total 30.84 28.26 29.73 32.44 33.05 1.21 0.037 0.986 0.002 0.392 0.723

Intake, % BW          
 Forage 2.24 1.85 1.75 2.19 1.98 0.09 <0.001 0.003 0.001 0.084 0.501
  CCDS 0.00 0.18 0.34 0.19 0.37 0.004 <0.001 <0.001 <0.001 <0.001 0.410
  Total 2.24 2.02 2.10 2.38 2.35 0.09 0.016 0.803 <0.001 0.829 0.532

1CON = forage only, 0.2% MIX = forage mixed with 0.2% BW corn condensed distillers solubles supplement, 0.4% MIX = forage mixed with 
0.4% BW corn condensed distillers solubles supplement, 0.2% SEP = forage with 0.2% BW corn condensed distillers solubles supplement fed 
separately, 0.4% MIX = forage with 0.4% BW corn condensed distillers solubles supplement fed separately.
2CON vs. SUP = control treatment vs. all supplemented treatments, MIX vs. SEP = forage and corn condensed distillers solubles mixed vs. forage 
and corn condensed distillers solubles fed separately, HIGH vs. LOW = 0.4% BW corn condensed distillers solubles level vs. 0.2% BW corn con-
densed distillers solubles level, METH vs. LEV = method of feeding (mixed and fed separately) and corn condensed distillers solubles supplemen-
tation level interaction.
3n = 4 observations per treatment.
4Probability value for the F-test of overall treatment.
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Jean. 1996. Effect of increasing degradable 
intake protein on intake and digestion of 
low-quality, tallgrass prairie forage by beef 
cows. J. Anim. Sci. 74:2473-2481.
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Characterizing the ensiling properties of 
sugar beets with dry feedstuffs
T.C. Gilbery1, G.P. Lardy1, B.W. Neville1, B.A. Stoltenow1 and M.L. Bauer1

Ensiling sugar beets for 42 days with 
various dry feedstuffs (alfalfa, corn, 
wheat midds and wheat straw) altered 
silage fermentation characteristics and, 
except for corn addition, decreased 
in vitro dry matter (DM) digestion. 
Results indicate sugar beets can be 
ensiled alone and with the addition of 
dry feedstuffs. Nutritive values were 
altered as DM of the silage changed.

Summary
A study was conducted to evaluate 
the ensiling characteristics of chopped 
sugar beets with dry feedstuffs. Precal-
culated amounts of each feedstuff were 
weighed individually to achieve desired 
proportions of each silage product and 
thoroughly mixed for fi ve minutes. Af-
ter mixing, the silages were distributed 
evenly into three 5-gallon buckets and 
sealed to provide an anaerobic environ-
ment. The treatments for this study 
were arranged in a 4 x 4 + 1 factorial 
design to determine the effects of DM 
level and source of dry feedstuff on the 
ensiling properties following a 42-day 
fermentation period. Treatments were 
ensiled sugar beets alone (25 percent 
DM) or based on 1) formulated silage 
DM concentrations of 27.5 percent, 35 
percent, 42.5 percent and 50 percent 
and 2) the inclusion of dry feedstuffs 
(alfalfa hay, dry-rolled corn, wheat 
middlings and wheat straw). Fermen-
tation and nutritive characteristics 
of ensiled feedstuffs were infl uenced 
with the addition of dry substrates. 
A linear increase (P < 0.001) in silage 
pH was observed with the addition of 
alfalfa, dry-rolled corn, wheat mid-
dlings and wheat straw to ensiled sugar 
beets. Lactic acid increased (P < 0.001) 
with the addition of wheat middlings. 
Alfalfa addition to sugar beet silage 
affected (P = 0.05) lactate concentra-
tion in cubic fashion. Percentage of 
lactate decreased (P = 0.01) when corn 
was added, while wheat straw did not 
infl uence (P = 0.37) lactate. Ensiling 

characteristics of sugar beets alone (25 
percent DM) were compared with 
sugar beets and dry substrate mixtures 
formulated to have 35 percent DM. 
Results indicated fermentative char-
acteristics were altered; pH increased 
(P < 0.001) when dry substrates were 
included, while lactate was lower (P = 
0.003) for the sugar beets ensiled with 
dry-rolled corn, compared with sugar 
beets ensiled alone. Alfalfa, wheat straw 
and wheat middlings decreased in vitro 
DM digestion (P < 0.001), while dry-
rolled corn did not affect (P = 0.54) in 
vitro DM digestion. These results indi-
cate the inclusion of dry feedstuffs with 
sugar beets altered fermentation and, 
with the exception of corn, decreased 
in vitro DM digestion.

Introduction
Preservation of high-moisture forages 
is a practice known as ensiling and 
is a process in which a crop is stored 
under anaerobic conditions until it 
is used. Maintaining the nutritional 
value (energy, DM and crop quality) of 
silages during the storage period is es-
sential to successful ensiling programs 
(Muck, 1988; Oude Elferink et al., 
2000). In this study, we investigated 
ensiling sugar beets. We hypothesized 
that incorporating locally available dry 
feedstuffs with sugar beets would en-
hance the ensiling process or nutritive 
value of the silage. 

1Department of Animal Sciences, North 
Dakota State University, Fargo, N.D.
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Materials and Methods
A research experiment was conducted 
to evaluate the effects of the addition 
of dry feedstuffs to sugar beets during 
a 42-day fermentation period; treat-
ments were arranged in a 4 x 4 + 1 
experimental design. The premise was 
to characterize the effects of 1) silage 
DM and 2) the source of dry substrates 
on sugar beet-based silages. Formulated 
silage dry matters of 27.5 percent, 35 
percent, 42.5 percent and 50 percent 
were achieved through mixing of dry 
substrates with sugar beets. Four dif-
ferent dry substrates were evaluated in 
the ensiling process with sugar beets. 
They were: 1) alfalfa (ALF), 2) dry-
rolled corn (DRC), 3) wheat middlings 
(WM) and 4) wheat straw (STR). A 
control treatment of sugar beets only 
also was included. Following mixing, 
each mixture was transferred into three 
5-gallon plastic pails lined with two 
30- by 36-inch plastic bags, which were 
sealed and covered to ensure an anaero-
bic environment. Upon completion of 
the 42-day fermentation period, silage 
containers were opened and a sample 
was acquired from each pail. Five 
grams of each sample was combined 
with 100 milliliters (mL) of water and 
refrigerated (4 C) for 12 hours. The 
pH of the liquid was measured using a 
combination electrode and percentage 
of lactate was measured. In vitro DM 
disappearance (IVDMD) of the silage 
was measured. Data were analyzed 
using the Mixed procedures of SAS 
(SAS Institute Inc., Cary, N.C.). The 
model included dry feedstuff as the 
fi xed effect. There was a dry substrate x 
DM interaction; therefore, within each 
dry feedstuff, regression equations were 
developed (see Figures 1 through 3).

Results and Discussion 
Our study indicates there was a dry 
substrate x DM interaction (P < 0.001) 
for the following variables: crude 
protein (CP), neutral detergent fi ber 
(NDF), acid detergent fi ber (ADF) and 
in-vitro dry matter and organic matter 
digestion (IVDMD and IVOMD, 
respectively). A dry substrate x DM 
interaction (P < 0.001) for fermenta-
tive measurements (pH and lactate) 
also was observed among ensiled 
treatments. Therefore, results are pre-
sented as regression analysis within dry 
substrate. 

By the nature of the experimental de-
sign, as the percentage of dry substrate 
increased, there was a linear increase 
(P < 0.001) in silage DM for all treat-
ments, while actual DM concentra-
tions were consistently higher than 
formulated levels, even though sugar 
beets were slightly wetter than we origi-
nally assumed (Table 1). Crude protein 
concentration increased linearly (P ≤ 
0.006) via the addition of DRC and 
WM as the dry substrate (data not 
shown). Silage CP was increased (P = 
0.01) in a quadratic manner when add-
ing ALF to the silage mixture. Sugar 
beet silage CP decreased (P = 0.02) in 
a quadratic fashion with the addition 
of STR as the dry substrate. When 
comparing sugar beet silage alone (24 
percent DM) with silages containing 
dry substrates (35 percent DM), CP 

concentration increased (P < 0.001) for 
ALF, DRC and WM, while a decrease 
(P = 0.006) in CP concentration was 
observed with the addition of STR to 
sugar beet silage (Table 1).

Fermentation characteristics mea-
sured were pH and lactate. Silage pH 
increased linearly (P < 0.001) with 
the addition of ALF, DRC, WM and 
STR as silage DM increased (Figure 1). 
Average pH for all silages with formu-
lated dry matter of 35 percent was 3.99 
vs. 3.69 for sugar beets ensiled alone 
(Table 1). Lactate concentration for 
ensiled sugar beets was not different 
(P  ≥ 0.37) with the addition of ALF 
and STR (Figure 2). Ensilage lactic 
acid percentage increased linearly (P 
< 0.001) with the addition of WM, 
while addition of DRC decreased (P 
< 0.01) lactate concentration qua-
dratically in the silage. In comparing 
lactate concentrations between sugar 
beets and the formulated 35 percent 
DM dry substrate treatments, lactate 
concentration decreased (P = 0.003) 
with the addition of DRC (Table 1). 
We observed no difference (P ≥ 0.19) 
in lactic acid percentage for ALF, WM 
and STR, compared with sugar beets 
ensiled alone. 

Digestibility (IVOMD) decreased 
linearly (P < 0.001) with the addition 
of dry substrates WM and STR 
(Figure 3). The addition of ALF to 
ensiled sugar beets changed (P = 

Table 1. Analyzed fermentation characteristics of sugar beets ensiled 
for 42 days with and without the inclusion of dry feedstuffs to achieve 
a 35% DM concentration.

Item  DM, % pH Lactate, % CP, % IVOMD, %

Sugar beetsa  24.0 3.69 4.30 4.9 94.59
Alfalfa hay  37.9*** 4.08*** 4.42 13.1*** 70.63***
Dry-rolled corn  35.8*** 3.89*** 2.70***  8.3*** 92.21***
Wheat middlings  38.2*** 4.01*** 4.83 14.3*** 80.47***
Wheat straw  39.0*** 3.96*** 3.90 4.3** 62.49***
SEMb  0.9 0.016 0.31 0.2 0.61
P-Value <0.001 <0.001 0.003 <0.001 <0.001

**, *** Means differ from control (sugar beets only) P ≤ 0.01 and 0.001, respectively.
aSugar beets without the addition of dry feedstuffs was used to produce a 25 % DM silage.
bStandard error of the mean: n = 5.
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0.003) IVOMD in quadratic fashion. 
Dry-rolled corn increased (P < 0.001) 
IVOMD quadratically as silage DM 
increased with the addition of corn. 
In comparisons between ensiled sugar 
beets alone and ensiled sugar beets with 
added dry feedstuffs (35 percent DM; 
Table 1), IVOMD was less (P ≤ 0.007) 
for ALF, WM and STR. 

Figure 1. Effect of the addition of dry feedstuffs on pH 
of ensiled sugar beets.

 Quadratic
Item  Coeffi cient  Linear Coeffi cient  Intercept  R2 

Alfalfa  - 0.0349 ± 0.0045 2.85 ± 0.17 0.87
Dry-rolled corn  - 0.0082 ± 0.0016 3.53 ± 0.07 0.76
Wheat middlings  - 0.0133 ± 0.0014 3.45 ± 0.06 0.89
Straw  - 0.0154 ± 0.0024 3.39 ± 0.10 0.80

Figure 2. Effect of the addition of dry feedstuffs on 
lactate of ensiled sugar beets.

 Quadratic
Item  Coeffi cient  Linear Coeffi cient  Intercept  R2 

Alfalfa - 0.0059 ± 0.0065 4.10 ± 0.28 0.08
Dry-rolled corn - -0.0202 ± 0.0064 4.48 ± 0.29 0.55
Wheat middlings - 0.0553 ± 0.0105 2.78 ± 0.46 0.73
Straw - -0.0098 ± 0.0103 4.23 ± 0.45 0.08

 Quadratic Linear
Item  Coeffi cient  Coeffi cient  Intercept  R2 

Alfalfa  0.0366 ± 0.0064  -4.04 ± 0.56  170.1 ± 11.7  0.98 
Dry-rolled corn  -0.0072 ± 0.0015  0.64 ± 0.14 78.9 ± 2.8  0.76 
Wheat middlings  - -0.441 ± 0.041  98.5 ± 1.8  0.92
Straw  - -1.087 ± 0.090  104.7 ± 3.9  0.94 

Figure 3. Effect of the addition of dry feedstuffs on 
IVOMD of ensiled sugar beets.

Implications
Fermentative characteristics were 
altered as DM increased when dry 
feedstuffs were ensiled with sugar beets. 
Results indicate sugar beets can be 
ensiled alone and with the addition of 
the dry feedstuffs used in this study; 
nutritive values were altered as DM of 
the silage changed. 
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Objectives of this research were to 
determine the infl uence of short-term 
oilseed supplementation during the 
beginning of estrous synchronization 
on the fatty acid profi le of blood in 
lactating beef cows. This study suggests 
that providing fat from either whole 
soybeans or fl axseed will increase 
the energy density of the diet and 
provide fatty acids that are key to 
reproduction during breeding and 
maternal recognition of pregnancy. 
While this appears to be favorable 
to pregnancy rates, further studies 
are required to confi rm the impact 
of this supplementation protocol on 
reproduction in beef cows.

Summary
Twenty-four 3-year old Angus cows 
(1,129 ± 47.6 pounds) and six rumi-
nally cannulated beef heifers (1,153 ± 
37.3 pounds) were used to determine 
the impact of feeding oilseeds for 
28 days starting at the beginning of 
estrous synchronization until maternal 
recognition of pregnancy on plasma 
fatty acid composition. Starting ap-
proximately 60 days postpartum, cows 
were synchronized with the Select 
Synch + CIDR® and timed artifi cial 
insemination (AI) protocol. The day 
CIDR® was inserted, cattle were 
assigned randomly to one of three 
treatments: grazing only (CON); a 
supplement containing whole soybeans 
(WSB), which is high in linoleic acid; 
or whole fl axseed (FLX), which is high 
in linolenic acid. Blood was collected 
every three days until the end of the 
supplementation period and again on 
day 35 and 56. All cattle grazed native 
range and were supplemented individ-
ually with their respective supplements 
once daily. Ruminally cannulated heif-
ers were used to evaluate the impact of 
supplement on forage intake, which 
was reduced (P = 0.05) with oilseed 
supplementation. Feeding oilseeds 
increased total fatty acid intake (P < 
0.001) across treatments, with WSB 
having greater (P < 0.001) linoleic acid 
intake than either CON or FLX. Like-
wise, cattle fed FLX had greater (P < 
0.001) linolenic acid intake than either 
CON or WSB. There was a treatment 

by time on supplement interaction (P 
≤ 0.05) for plasma concentrations of 
all fatty acids identifi ed except for ei-
cosapentaenoic acid, commonly known 
as EPA (P = 0.99). Within three days 
after the start of supplementation, 
plasma concentrations of linoleic acid 
increased (P < 0.001) for cattle fed 
WSB, compared with CON or FLX, 
whereas fl ax-fed cattle did not exhibit 
an increase (P = 0.02) until day 18, 
compared with that of CON. Plasma 
concentrations of linolenic acid were 
greater (P < 0.013) for FLX than both 
CON and WSB by day 18. Feeding 
fl axseed increased (P = 0.007) plasma 
concentrations of arachidonic acid, an 
important precursor for prostaglandin 
production, by day 18, compared with 
WSB. Feeding oilseeds during the time 
of estrous synchronization will not 
only increase the energy density of the 
diet, but will provide key fatty acids 
around the time of maternal recogni-
tion of pregnancy.

Introduction
The results of short-term increases in 
energy, termed “fl ushing,” are benefi -
cial to reproduction in sheep (Per-
kins, 1984). However, the effi cacy of 
fl ushing in cattle has been shown to be 
equivocal (Perkins, 1984). Specifi cally, 
fl ushing cattle with supplemental en-
ergy (more total feed or grains) either 
has improved embryo quality (Nolan et 
al., 1998) and follicular growth slightly 
or did not have any infl uence on any 
reproductive parameter measured 
(Dunne et al., 1999).  
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Supplementation of fat can infl uence 
plasma fatty acids and subsequent 
energy status. Of particular impor-
tance to reproduction is linoleic acid 
(18:2n-6), which is the precursor to the 
2-series prostaglandins. An increase in 
dietary 18:2n-6 will increase prosta-
glandin (PGF2) production (Filley 
et al., 2000), which may infl uence 
embryonic survival negatively (Mattos 
et al., 2003). However, n-3 fatty acids, 
such as linolenic acid (18:3n-3), may 
inhibit PGF2 production. Ambrose 
et al. (2006) fed lactating dairy rolled 
fl axseed (source of 18:3n-3) or rolled 
sunfl ower seed (source of 18:2n-6) pri-
or to the breeding season and reported 
an early pregnancy loss of 4.8 percent 
and 11.4 percent for cows fed fl axseed 
versus sunfl ower seeds, respectively. 

Timed AI is becoming increasingly at-
tractive to livestock producers because 
of the reduction in labor required for 
heat detection; however, conception 
rates for timed AI programs are gener-
ally lower than protocols using heat 
detection. Therefore, development of 
a short-term feeding program that co-
incides with a timed AI protocol may 
help increase AI conception rates. Our 
objectives were to evaluate the effi cacy 
of a short-term increase in dietary 
energy and essential fatty acids around 
the time of AI until maternal recogni-
tion of pregnancy on plasma fatty acid 
concentrations through time in lactat-
ing beef cows grazing summer range. 

Materials and Methods
Twenty-four Angus cows (body weight 
[BW] = 1,129 ± 47.6 pounds and 
body condition score [BCS] = 5.5) 
and six ruminally cannulated beef 
heifers (1,153 ± 37.3 pounds) graz-
ing a 30-acre native range pasture 
were allotted randomly to one of three 
treatments: 1) grazing only and no 
supplement (CON); 2) whole soybean 
supplement (19.6 percent cracked 
corn, 73.4 percent whole soybeans and 
7 percent dried molasses; 32.1 per-

cent crude protein [CP], 91.9 percent 
total digestible nutrients [TDN], 12.8 
percent total fatty acids on a dry mat-
ter [DM] basis) (WSB); or 3) whole 
fl axseed supplement (47.2 percent 
soybean meal, 45.1 percent whole fl ax-
seed and 7.7 percent dried molasses; 
38 percent CP, 94.8 percent TDN and 
11.8 percent total fatty acids on a DM 
basis) (FLX). Supplements were for-
mulated to provide equal amounts of 
protein, energy (TDN) and fat based 
on National Research Council (NRC) 
(2000) predicted forage intake. Ap-
proximately 62 days postpartum, cattle 
were weighed on two consecutive days 
and were weighed again on day 28. 
Starting on day 0, a controlled intra-
uterine releasing device (CIDR®; Pfi zer 
Animal Health, New York, N.Y.) was 
placed into the vagina and cattle were 
given 100 micrograms (mcg) gonad-
orelin diacetate tetrahydrate (Fertagyl®; 
InterVet, Millsboro, Del.). Cows 
receiving supplement were sorted from 
the pasture and their calves each morn-
ing at 7:30 and placed into individual 
stanchions for feeding. On day seven, 
the CIDR was removed from the 
vagina and cattle were given 25 milli-
grams (mg) of dinoprost tromethamine 
(Lutalyse®; Pfi zer Animal Health, New 
York, N.Y). Cows were observed for 
estrus for 72 hours and bred upon ap-
pointment. Any cow that was not bred 
by 72 hours was mass bred (day 10) 
and given another shot of 100 mcg of 
Fertagyl®. The same AI sire was used 
for all cows. 

To determine the impact of supple-
ments on forage intake, six ruminally 
cannulated beef heifers were assigned 
to treatments and synchronized in the 
same manner as the cows. Starting on 
day 12 of the experiment, titanium 
dioxide was dosed to the cannu-
lated heifers twice daily as an external 
marker for fecal DM fl ow until day 21. 
Supplementation ceased on day 28, 
or 18 days post-insemination, because 

the majority of embryo losses in beef 
heifers occurred prior to day 16 post-
insemination.

All cows were tail bled every three days 
starting day 0 until day 28, then again 
on day 35 and 56. On day 11, heifers 
were completely evacuated of their ru-
men contents and allowed to graze for 
one hour. Heifers then were gathered 
and masticate was collected imme-
diately. On day 16, rumen fl uid was 
collected from each heifer for masticate 
digestibility. Each masticate sample 
was incubated in rumen fl uid from 
the heifer from which it was collected. 
Fecal samples from cannulated heifers 
were collected twice daily starting on 
day 17 through day 21. Fecal output 
was calculated using a titanium dioxide 
(TiO2) concentration. Intakes were 
estimated from fecal DM output and 
in vitro DM indigestibility of both the 
supplement and masticate. Therefore, 
cow forage intake was estimated using 
the average intake for each treatment, 
which was converted to grams of 
forage DM intake/kilogram of BW 
and multiplied by cow BW. Fatty acid 
intake and growth performance was 
analyzed as a completely randomized 
design using the GLM procedures of 
SAS (SAS Institute Inc., Cary, N.C.). 
All plasma fatty acid data was analyzed 
as a completely randomized design 
using the MIXED procedure of SAS. 
The model included diet, day and any 
interaction between day and diet. Fixed 
effects included dietary treatment, day 
and dietary treatment × day. Treatment 
differences within day were determined 
by using the PDIFF statement of SAS.  

Results and Discussion 
Estimated forage DM intake was lower 
(P = 0.05) for oilseed-supplemented 
cattle and no differences (P = 0.76) 
were observed between oilseeds (data 
not shown). Likewise, total DM intake 
was lower (P = 0.01) for heifers supple-
mented with oilseeds but did not differ 
(P = 0.34) between WSB and FLX 
(data not shown). Cattle fed whole 



18 2007 Beef Cattle and Range Research Report

soybeans had greater fatty acid intake 
for all fatty acids measured (P ≤ 0.02), 
compared with fl ax-fed cattle, with the 
exception of 18:3n-3, where FLX was 
greater (P < 0.001) than WSB (data 
not shown). 

There was a treatment x time interac-
tion for all plasma fatty acids measured 
(P ≤ 0.05) with the exception of 
20:5n-3 (P = 0.99). Plasma concentra-
tions of 18:2n-6 increased (P = 0.001) 
above that of CON and FLX after 
three days of supplementation, whereas 
fl ax-fed cattle did not exhibit elevated 
plasma 18:2n-6 concentrations above 
CON until day 18 (P = 0.02; Figure 
1). Plasma 18:2n-6 concentrations 
remained elevated (P < 0.001) eight 
days past the end of supplementation 
and not until day 56 (29 days after 
supplementation ceased) did cattle 
fed whole soybeans tend (P = 0.08) to 
be similar to CON and FLX. Plasma 
concentrations of 18:3n-3 were greater 
(P < 0.001) for FLX, compared with 
CON or WSB by day 15 (Figure 2). 
Despite greater 18:3n-3 intake for 
WSB compared with CON, plasma 
concentrations for 18:3n-3 tended 
to be lower by day six (P = 0.07) and 
were lower (P = 0.04) by day nine for 
WSB than CON. This difference was 
short-lived and, by day 12, plasma 
concentrations of 18:3n-3 only tended 
(P = 0.09) to differ from CON. Plasma 
concentrations of 20:4n-6 in cattle 
fed whole fl axseed tended to differ (P 
= 0.07) from CON and differed (P = 
0.04) from WSB by day 18 (Figure 
3). Cattle fed fl axseed continued to 
have elevated plasma concentrations of 
20:4n-6 above WSB (P = 0.01) eight 
days past the end of supplementation. 
Total plasma fatty acid concentration 
was greater for WSB by day six (P ≤ 
0.04) when compared with either FLX 
or CON (Figure 4). Not until day 18 
did plasma concentrations of total fatty 
acids differ (P 0.04) between FLX and 
CON. 

Figure 1. Effects of oilseed supplementation on plasma concentrations of 
18:2n-6 through time in lactating beef cows (SE = 0.51). 

Figure 2. Effects of oilseed supplementation on plasma concentrations of 
18:3n-3 through time in lactating beef cows (SE = 0.23). 

The observed increase in plasma 
concentrations of 18:2n-6 in the cur-
rent experiment previously has been 
reported by others when beef heifers 
were infused with soybean oil (Filley et 
al., 1999). Despite the fact that cattle 
fed whole fl axseed had greater 18:2n-6 
intake compared with CON,  any 
differences in plasma concentration 
of 18:2n-6 took 18 days to develop. 
Cattle fed whole soybeans had an 
increase within three days, compared 
with that of CON and FLX. Why 

there is a different lag phase between 
these two oilseeds is not completely 
clear. Supplementary data from the 
cannulated heifers would indicate that 
total tract DM digestibility did not dif-
fer (P = 0.96) between WSB and FLX. 

As expected, cattle fed fl axseed had 
greater plasma concentrations of 
18:3n-3 by day 15, compared with the 
other treatments. This difference re-
mained elevated until day 35. Despite 
greater 18:3n-3 intake for WSB com-
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pared with CON, plasma concentra-
tions of 18:3n-3 were lower for WSB 
compared with CON. 

Plasma concentrations of 20:4n-6 were 
not expected to be lower for WSB than 
FLX because WSB had greater concen-
trations of 18:2n-6, which is a precur-
sor for the production of 20:4n-6. Fur-
thermore, 18:3n-3 is a potent inhibitor 
of 20:4n-6 production (Mattos et al., 
2003). Nevertheless, lower plasma 
concentrations of 20:4n-6 in cattle fed 

whole soybeans may indicate that the 
18:2n-6 concentrations reported herein 
were suffi cient to cause a reduction 
in 20:4n-6 production (Kaduce et al., 
1982), while FLX stimulated 20:4n-6 
production. 

Our fi rst objective was to provide a 
fl ush of energy in the form of fatty ac-
ids to improve the energy status of the 
cow, which has been shown to improve 
cow fertility (Dunne et al., 1999). The 
improvement of average daily gain 

Figure 3. Effects of oilseed supplementation on plasma concentrations of 
20:4n-6 through time in lactating beef cows (SE = 0.01). 

(ADG) we observed for FLX and WSB 
indicates that we indeed were able to 
improve energy status of the animal, 
regardless of plasma fatty acid compo-
sition compared with that of CON. In 
addition to a fl ush of energy, oilseeds 
provided 18:2n-6 or 18:3n-3, both of 
which have been shown to improve 
follicular development around the time 
of breeding (day 10). Whole soybeans 
appear to do a better job of supplying 
18:2n-6 and total fatty acids by day 10 
or the day of timed AI than whole fl ax-
seed. At this time, the reason for this 
lag time between feeding and appear-
ance of fat from fl axseed in the plasma 
is not clear.   

Our second objective of this experi-
ment was to provide increased levels of 
18:2n-6 or 18:3n-3 around the time 
of maternal recognition of pregnancy 
(around day 15 to 16 post-AI). Wheth-
er an increased supply of 18:2n-6 is 
benefi cial to reproduction is not clear 
at this time because elevated levels of 
prostaglandin metabolite after insemi-
nation have been linked to an increase 
in early embryonic mortality due to 
shortened estrous cycles (Burke et al., 
1996). Increasing the supply of n-3 
fatty acids has been shown to decrease 
prostaglandin metabolite production 
(Mattos et al., 2003). Unfortunately, 
fl axseed increased the circulating levels 
of 20:4n-6 around the time of ma-
ternal recognition of pregnancy, and 
this fatty acid is a precursor for PG 
synthesis. This increase in 20:4n-6 
potentially may have a negative impact 
on embryonic survival.  

Implications
Feeding either whole soybeans or 
whole fl axseed starting at the beginning 
of estrous synchronization will increase 
the supply of key fatty acids known to 
infl uence reproduction and improve 
animal energy status. However, oilseed 
supplementation before breeding 
through maternal recognition of 
pregnancy on pregnancy rates requires 
further investigation.Figure 4. Effects of oilseed supplementation on plasma concentrations of 

total fatty acids through time in lactating beef cows (SE = 1.65).

0

0.1

0.2

0.3

0.4

0.5

0.6

0 3 6 9 12 15 18 21 24 27 35 56

Day of experiment

m
g 

of
 2

0:
4n

-6
 / 

g 
of

 fr
ee

ze
-d

rie
d 

pl
as

m
a

CON WSB FLX

Stopped
supplementation

0

10

20

30

40

50

60

0 3 6 9 12 15 18 21 24 27 35 56

Day of experiement

m
g 

of
 to

ta
l f

at
ty

 a
ci

ds
 / 

g 
of

 fr
ee

ze
-d

rie
d 

pl
as

m
a

CON WSB FLX

Stopped
supplementation



20 2007 Beef Cattle and Range Research Report

Literature Cited
Ambrose, D.J., J.P. Kastelic, R. Corbett, 

P.A. Pitney, H.V. Petit, J.A. Small and 
P. Zalkovic. 2006. Lower pregnancy 
losses in lactating diary cows fed a diet 
enriched in -linolenic acid. J. Dairy Sci. 
89:3066-3074.

Burke, J.M., D.J. Carroll, K.E. Rowe, 
W.W. Thatcher and F. Stormshak. 1996. 
Intravascular infusion of lipid into ewes 
stimulates production of progesterone and 
prostaglandin. Bio. Reprod. 55:169-175.

Dunne, L.D., M.G. Diskin, M.P. Boland, 
K.J. O’Farrell and J.M. Sreenan. 1999. 
The effect of pre- and post-insemination 
plane of nutrition on embryo survival in 
beef heifers. Anim. Sci. 69:411-417.

Filley, S.J., H.A. Turner and F. Stormshak. 
1999. Prostaglandin F2  concentrations, 
fatty acid profi les, and fertility in lipid-
infused postpartum beef heifers. Bio. 
Repro. 61:1317-1323.

Kaduce, T.L., A.A. Spector and R.S. Bar. 
1982. Linoleic acid metabolism and 
prostaglandin production by cultured 
bovine pulmonary artery endothelial cells. 
Arteriosclerosis 2:380-389.

Lardy G.P., and V.L. Anderson. 1999. 
Alternative feeds for ruminants. North 
Dakota State University Extension Service 
publication AS-1182.

Mattos, R., A. Guzeloglu, L. Badinga, 
C.R. Staples and W.W. Thatcher. 2003. 
Polyunsaturated fatty acids and bovine 
interferon-  modify phorbol ester-induced 
secretion of prostaglandin F2  and 
expression of prostaglandin endoperox-
ide synthase-2 and phospholipase-A2 in 
bovine endometrial cells. Bio. Reprod. 
69:780-787.

Nolan, R., D. O’Callaghan, R.T. Duby, P. 
Lonergan and M.P. Boland. 1998. The 
infl uence of short-term nutrient changes 
on follicle growth and embryo production 
following superovulation in beef heifers. 
Therio. 50:1263-1274.

NRC. 2000. Pages 192-203 in Nutrient 
Requirements of Beef Cattle. 7th rev. ed. 
Natl. Acad. Press. Washington, D.C.

Perkins, J.L., 1984. The infl uence of short-
term nutritional changes on reproduction. 
Arkansas Experiment Station Special 
Report. 119:29-37.



21

Effect of feeding Lactobacillus acidophilus on 
fecal shedding of Escherichia coli O157:H7 and Salmonella 
in naturally infected feedlot cattle 
Ebot S.Tabe1, James Oloya2, Dawn K. Doetkott2, Marc L. Bauer 3, Penelope S. Gibbs2, and Margaret L. Khaitsa2 

1The Great Plains Institute of Food Safety, 
North Dakota State University, Fargo, N.D.
2Department of Veterinary and 
Microbiological Sciences, North Dakota State 
University, Fargo, N.D.
3Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.

The objective of this study was 
to determine the effect of feeding 
Lactobacillus acidophilus - BT 1386 
(a direct-fed microbial marketed as 
MICRO-CELL®) on fecal shedding 
of Escherichia coli O157:H7 and 
Salmonella in naturally infected feedlot 
cattle. L. aciduphillus - BT 1386 
as used in this study was capable of 
signifi cantly reducing (by 32 percent) 
fecal shedding of E. coli O157:H7 but 
not Salmonella species in naturally 
infected cattle. However, feeding L. 
aciduphillus - BT 1386 signifi cantly 
reduced the probability of new 
infections with Salmonella.

Summary
Foodborne illnesses are a substantial 
health burden in the United States 
(Centers for Disease Control and 
Prevention, 2007). Escherichia coli 
O157:H7 and Salmonella play a 
signifi cant role in foodborne infec-
tions in humans, where they cause 
acute hemorrhagic colitis, with up to 5 
percent of cases resulting in hemolytic 
uremic syndrome (HUS) and salmo-
nellosis, respectively (CDC, 2007). 
According to the 2006 FoodNet report 
(CDC, 2007) the incidence of human 
infections caused by E. coli O157:H7 
and Salmonella have been on the rise. 
Thus, further measures are needed to 
prevent foodborne infections to achieve 
national health objectives. 

Introduction
Cattle have been identifi ed as a sig-
nifi cant reservoir for E. coli O157:H7 
and Salmonella, with these organisms 
reported to be present on bovine hides 
and feces at the time of harvest (Fegan 
et al., 2005). Numerous preharvest 
intervention strategies, including the 
use of direct-fed-microbials (DFM), 
have shown promising results in reduc-
ing the prevalence of E. coli O157:H7 
in cattle (Peterson et al., 2007). Also, 
DFM such as Lactobacillus acidophilus 
NP 51 exert a dose response effect on 
Salmonella shedding in cattle (Stephens 
et al., 2007). The objective of this 
study was to determine the effect of 
feeding Lactobacillus acidophilus - BT 
1386 (a direct-fed microbial marketed 

as Micro-Cell) on fecal shedding of Es-
cherichia coli O157:H7 and Salmonella 
in naturally infected feedlot cattle.

Materials and Methods 
This was a clinical trial involving 138 
steers (weighing 484 to 1,232 pounds) 
conducted for a period of 84 days 
(March through June 2007). The steers 
were divided into 24 pens and dis-
tributed within three blocks based on 
their weight. Steers in half of the pens 
in each block were placed on DFM-
supplemented feed (1 x 109 colony-
forming units [CFU] of L. acidophilus - 
BT 1386 per gram), while steers in the 
other half were maintained on DFM-
free feed only. All steers were housed 
at the North Dakota State University 
cattle feedlot facility in Fargo, N.D. 
The steers in both groups initially 
were fed the same grower diet from 
October 2006 through February 2007, 
followed by a fi nishing diet (March 
through June). The fi nishing diet was 
high-concentrate barley (82.2 per-
cent), pressed sugar beet (5 percent), 
alfalfa-brome hay (5 percent), de-sug-
ared molasses (5 percent) and mineral 
supplement (2.9 percent), with an 
approximate analysis composition of 
7.1 percent ash, 13.9 percent crude 
protein, 21 percent neutral detergent 
fi ber, 8.7 percent acid detergent fi ber 
and 40.6 percent starch on a dry-
matter basis. In addition, the fi nishing 
diet had 11 milligrams (mg) of tylosin 
(Elanco Animal Health, Ind.) per ki-
logram of diet dry matter. The DFM 
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were stored under refrigeration and 
reconstituted daily just before mixing 
with the feed. 

Fecal sampling of cattle was conducted 
in accordance with the guidelines 
established by the NDSU Institutional 
Animal Care and Use Committee (IA-
CUC) following a previously described 
protocol (Khaitsa et al., 2006). Fecal 
samples collected from the cattle were 
cultured for E. coli O157:H7 and 
Salmonella in the laboratory at NDSU. 
The two groups were monitored for 
fecal shedding of E. coli O157:H7 and 
Salmonella.

Results and Discussion 
E. coli O157:H7

Overall, E. coli O157:H7 was isolated 
from 194 of 458 fecal samples (42.4 
percent). During the pretreatment pe-
riod, steers in the treatment (43.9 per-
cent) and control (44.4 percent) pens 
exhibited no statistically signifi cant dif-
ference in E. coli O157:H7 prevalence 
(P = 0.54). In the second sampling 
(week three of treatment), a signifi cant 
difference (P = 0.001) was observed 
in E. coli O157:H7 shedding in the 
treatment group (24.2 percent, n = 16 
of 66) and the control group (67.6 per-
cent, n = 48 of 71; Figure 1). Similarly, 
a signifi cant difference (P = 0.003) 
in the proportion of steers shedding 
E. coli O157:H7 was recorded at the 
third sampling period (week six) in 29 
percent (n = 11 of 66) of the treatment 
and 55.1 percent (n = 38 of 71) of the 
control groups. In the fi nal sampling 
(week nine of DFM treatment), only 
46 steers were sampled; the reminder 
had been taken for slaughter earlier 
in the week. Of those sampled, 43.5 
percent (n = 10 of 23) and 13 percent 
(n = 3 of 23) of steers in the control 
and treatment groups, respectively, 
were positive for E. coli O157:H7. This 
difference in shedding was signifi cant 
(P = 0.01). The overall probability of 
recovery of E. coli O157:H7 from the 
feces of the treatment and the control 
steers was 34 percent (66 of 221) and 

66 percent (128 of 237), respectively 
(P < 0.001; Figure 1). Blocking of the 
cattle had no effect (P = 0.39) within 
treatment groups on the recovery of 
E. coli O157:H7, while pen had an 
effect (P = 0.01). In addition, the time 
of sampling had an effect on E. coli 
O157:H7 shedding (P = 0.008).

Salmonella

Before placing the steers on treatment, 
8.3 percent (n = six of 72) of control 
and 7.6 percent (n = fi ve of 66) of 
treatment group steers were positive for 
Salmonella (Figure 2). Overall, Salmo-
nella was isolated from 58 out of 458 
(12.7 percent) fecal samples tested. All 
Salmonella belonged to the Typhimu-
rium serotype and the majority, 53 of 
58 (91 percent), were Typhimurium 
Copenhagen. Sampling time had an 
effect on the recovery of Salmonella, 
while block and pen did not.

Among four categories of steers (those 
that maintained shedding, recovered 
shedders, new shedders and nonin-

fected steers), a signifi cant difference 
(p = 0.05) was observed in E. coli 
O157:H7 prevalence between treated 
(13.8 percent, n = 10 of 72) and con-
trol steers (26.8 percent, n = 18 of 66) 
regarding recovered shedders. Greater 
recovery rates (P > 0.05) among un-
treated, compared with treated steers 
was observed for both E. coli O157:H7 
and Salmonella at all sampling times, 
although the difference was not always 
statistically signifi cant. Once infected, 
DFM did not improve the probablil-
ity of recovery from either E. coli 
O157:H7 or Salmonella for treated 
steers, compared with their control 
counterparts (P > 0.05; Figure 2). For 
Salmonella, the rate of new infection 
was greater (P < 0.05) in the controls 
(21.2 percent, n = 14 of 66) than the 
treatment group (7.7 percent, n = 10 
of 72) during week six (Figure 2). 

Additionally, the rate of new Salmo-
nella shedders was greater (P = 0.023) 
in the controls (21.2 percent) than the 
treatment group (7.7 percent) after 

 E. coli O157:H7 Salmonella
Pretreatment P = 0.54 P = 0.56 
Week 3 P = 0.001 P = 0.36 
Week 6  P = 0.003 P = 0.17 
Week 9 P = 0.01 P = 0.24 

Figure 1. Variation of E. coli O157:H7 shedding in feedlot steers 
by sampling time.
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six weeks on feed. This implies that 
the DFM were having some protec-
tive effect against Salmonella among 
steers that were not yet infected. The 
fact that a greater percentage of steers 
remained uninfected by both Salmo-
nella and E. coli O157:H7 in treated 
and control steers may support our 
hypothesis that for steers that are not 
yet infected, DFM may protect them 
from infection to both Salmonella and 
E. coli O157:H7. This may call for 
feeding DFM to steers sooner rather 
than later on arrival at the feedlot 
when fecal shedding of both Salmonella 
and E. coli O157:H7 are reported to 
be low (Khaitsa et al., 2006, 2007). 
Also, more animals were reverting from 
E. coli O157:H7 shedding to non-
shedding status in the control steers 
(26.8 percent) than in DFM-fed cattle 
(13.8 percent) during the sixth week 
on feed (P = 0.05). This is an indica-
tion that steers already infected with 
E. coli O157:H7 may not improve 

their recovery rate any better than the 
nontreated steers after treatment. This 
underscores the importance of feeding 
DFM to steers before they are infected 
with E. coli O157:H7 for maximum 
benefi t. Notably, this trend of a greater 
recovery rate among untreated steers, 
compared with those fed DFM, was 
observed for both E. coli O157:H7 
and Salmonella at all sampling times, 
although the difference was not always 
signifi cant. The observed difference 
in effect of DFM on E. coli O157:H7 
and Salmonella might be related to the 
difference in mode of colonization of 
the two pathogens. According to this 
study, DFM were capable of reducing 
fecal shedding of E. coli O157:H7, but 
not Salmonella, in naturally infected 
cattle. However, once infected, DFM 
did not improve the probablility of 
recovery from E. coli O157:H7. Ad-
ditionally, DFM signifi cantly reduced 
the probability of new infections with 
Salmonella among DFM-treated cattle, 

compared with controls. Further inves-
tigations into more promising alterna-
tive strategies for control of Salmonella 
infection in cattle are warranted. 
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Figure 2. Trends in the shedding status of naturally infected steers with E. coli 
O157:H7 and Salmonella during the feeding periods.

 E. coli O157:H7 Salmonella
Maintained shedding P > 0.05 P > 0.05
Recovered shedders P = 0.05 P > 0.05
New shedders P > 0.05 P = 0.05
Noninfected steers P > 0.05 P > 0.05
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Effects of supplying increasing levels of distillers dried grain 
with solubles in growing diets on intake, digestion and ruminal 
fermentation
J.L. Leupp1, G.P. Lardy1 and J.S. Caton1

The objective of this study was to 
determine effects of increasing levels 
of dried corn distillers grain with 
solubles (DDGS) in corn-based diets 
for growing steers on dry-matter intake 
(DMI), rate and site of digestion, 
ruminal fermentation, duodenal 
protein fl ow and microbial effi ciency. 
Replacing dry-rolled corn with 
moderate to high levels of DDGS in 
growing diets resulted in no adverse 
effects on digestion or ruminal 
fermentation although intake was 
reduced at 60 percent DDGS inclusion. 

1Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.

Summary
Five ruminally and duodenally can-
nulated steers (1,100 ± 11 pounds of 
initial body weight [BW]) were used in 
a 5 x 5 Latin square to evaluate effects 
of increasing levels of dried corn distill-
ers grains with solubles (DDGS) in 
growing diets (60 percent concentrate) 
on organic matter (OM) intake, site of 
digestion, ruminal fermentation and 
microbial effi ciency. Diets contained 
30 percent grass hay, 6 percent concen-
trated separator byproduct, 4 percent 
supplement and 60 percent dry-rolled 
corn, sunfl ower meal and/or DDGS 
(dry matter [DM] basis). Treatments 
consisted of increasing DDGS at 0 
percent, 15 percent, 30 percent, 45 
percent or 60 percent of dietary DM, 
replacing a combination of dry-rolled 
corn and sunfl ower meal. Diets were 
balanced for growing steers gaining 
2.68 pounds per day (lb/d) and includ-
ed 0.25 percent (DM basis) chromic 
oxide as a digesta fl ow marker. Steers 
were fed diets in the form of a totally 
mixed ration (TMR). Diets were of-
fered to ensure ad libitum intakes and 
10 percent feed refusal daily. Steers 
were adapted to diets for 14 days, fol-
lowed by a seven-day collection period. 
Intake of OM responded quadratically 
(P = 0.004), with greatest intakes at 15 
percent DDGS and lowest at 60 per-
cent DDGS. No differences (P > 0.13) 
were observed in crude protein (CP) 
intake. Apparent and true ruminal OM 
digestion decreased (linear; P ≤ 0.009) 
with increasing DDGS inclusion. Total 
tract CP digestion increased (linear; P 

< 0.001) with increasing DDGS; how-
ever, total tract OM digestion was not 
different (P = 0.74). Rumen microbial 
effi ciency was not affected (P = 0.22) 
by treatment. Increasing dietary inclu-
sion of DDGS increased (linear; 
P = 0.004) ruminal pH, while ammo-
nia concentration remained unchanged 
(P = 0.42). Ruminal acetate propor-
tions decreased (P < 0.001) with 
increasing DDGS, while propionate 
and butyrate were similar (P ≥ 0.19). 
Replacing dry-rolled corn with moder-
ate to high levels of DDGS in grow-
ing diets resulted in no adverse effects 
on digestion or ruminal fermentation 
although OM intake was reduced at 60 
percent DDGS inclusion. 

Introduction
Rising costs of corn are partially due 
to an increase in ethanol production. 
Increased production of ethanol has led 
to an increase in the amount of avail-
able byproducts, such as dried corn 
distillers grain with solubles (DDGS). 
For every bushel of corn, approximate-
ly 2.7 gallons of ethanol, 18 pounds 
of DDGS and 18 pounds of carbon 
dioxide are produced (Lardy, 2003). 

Dried distillers grains with solubles are 
a common component in beef cattle 
diets because of their availability and 
nutrient profi le. Dried distillers grains 
plus solubles contain approximately 30 
percent CP, 11 percent ether extract 
(EE), 52 percent undegradable intake 
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protein (UIP) and 46 percent neu-
tral detergent fi ber (NDF). Because 
most of the starch has been removed 
and DDGS has relatively high NDF 
levels, DDGS are a source of readily 
digestible, nonforage fi ber (Ham et al., 
1994). 

When DDGS are fed at levels of 6 
percent to 15 percent of dietary DM, 
their primary purpose is to serve as a 
protein source; however, when fed at 
higher levels, DDGS become a source 
of energy replacing corn (Klopfen-
stein, 2001). Vander Pol et al. (2006) 
reported the energy value of corn wet 
distillers grains with solubles to be 
greater than 100 percent of the value of 
dry-rolled corn, regardless of inclusion 
rate. 

Increased average daily gain (ADG) 
and gain-to-feed ratio (G:F) have been 
demonstrated with 40 percent DDGS 
inclusion in corn-based fi nishing diets 
(Ham et al., 1994). When fed at 20 
percent of dietary DM (corn-based 
diets), DDGS had no effect on nutri-
ent digestion or ruminal fermentation 
characteristics. Therefore, DDGS are 
attractive for growing and fi nishing 
cattle diets (Larson et al., 1993). 

No research is available on includ-
ing 60 percent DDGS (DM basis) in 
diets for growing steers. Therefore, 
our objective was to determine effects 
of increasing levels of DDGS in diets 
containing 60 percent concentrate and 
40 percent roughage offered to growing 
steers on DMI, rate and site of diges-
tion, ruminal fermentation, duodenal 
protein fl ow and microbial effi ciency. 

Materials and Methods
Five ruminally and duodenally cannu-
lated steers (1,100 ± 11 pounds initial 
BW) were used in a 5 x 5 Latin square. 
Steers were weighed at the initiation 
of the experiment and housed in a 

climate-controlled room in individual 
pens (9.8 feet by 12.1 feet) during each 
14-day adaptation period and stalled 
in individual metabolism crates (3.3 
feet by 7.2 feet) during each seven-day 
collection period. Steers were offered 
ad libitum access to diets (10 percent 
above previous day’s intake) and water. 
Hay was chopped through a 4-inch 
screen. The diet was composed of 
dry-rolled corn and/or DDGS, grass 
hay, concentrated separator byproduct, 
sunfl ower meal, urea and supplement 
(Table 1). Diets also included 0.25 
percent (DM basis) chromic oxide 
added as a digesta marker. Treatments 
consisted of fi ve levels of DDGS (0 
percent, 15 percent, 30 percent, 45 
percent or 60 percent of dietary DM), 
replacing dry-rolled corn and sunfl ower 
meal. Diets were balanced to meet or 
exceed all National Research Council 
(NRC, 1996) recommendations. Feed 
refusals were collected for determina-
tion of DMI. Total fecal output was 
measured for determination of total 
tract digestion. Duodenal samples 
were taken during a four-day period to 
estimate nutrient fl ow. Ruminal fl uid 
samples were collected at several times 
after feeding and analyzed for ammo-
nia, volatile fatty acid (VFA) and pH. 
On day seven of each collection period, 

prior to morning feeding, rumens were 
evacuated to determine ruminal fi ll and 
to isolate bacterial samples via differen-
tial centrifugation for chemical analy-
ses. All data were analyzed for statistical 
differences by analysis of variance. 

Results and Discussion
Analyzed nutrient content of diets 
is provided in Table 1. As levels of 
DDGS increased, so did CP content of 
the diets. 

Intake of OM responded in a quadratic 
manner (P = 0.004), with greatest 
intakes at 15 percent DDGS and 
lowest at 60 percent DDGS (Table 2). 
Similarly, Vander Pol et al. (2006) re-
ported DMI of steers fed wet distillers 
grain with solubles (WDGS), partially 
replacing dry-rolled corn, was great-
est at 30 percent inclusion, compared 
with 0 percent, 10 percent, 20 percent, 
40 percent  and 50 percent WDGS 
inclusion. Apparent and true ruminal 
OM digestion decreased (linear; P ≤ 
0.009), while post-ruminal OM diges-
tion increased (linear; P = 0.001) with 
increasing DDGS inclusion. Total tract 
OM digestion was not affected (P = 
0.74) by treatment, which agrees with 
other research in this area. 

Table 1. Diet composition and analyzed nutrient content 
of growing diets with increasing level of dried corn distillers grains 
with solubles. 

 DDGS1, % of dietary DM

Item 0 15 30 45 60

Dry-rolled corn 58.00 43.00 28.00 15.00 —
DDGS1 — 15.00 30.00 45.00 60.00
Grass hay 30.00 30.00 30.00 30.00 30.00
De-sugared molasses 6.00 6.00 6.00 6.00 6.00
Sunfl ower meal 1.15 1.24 1.79 — —
Urea 0.85 0.56 0.21 — —
Supplement 4.00 4.20 4.00 4.00 4.00
     
 -------------------- % DM basis --------------------
Ash 10.6 10.3 10.8 11.1 11.6
CP 15.0 16.2 17.9 19.7 21.7
NDF 35.3 38.8 39.7 39.5 41.4
ADF 17.5 19.1 18.6 17.8 18.5

1Dried distillers grain with solubles.
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No differences were observed for CP 
intake (P = 0.14; Table 2), even though 
dietary CP increased with increas-
ing DDGS. This is because steers 
fed increasing DDGS had decreased 
OM intakes. Total tract CP diges-
tion increased (linear; P < 0.001) 
with increasing DDGS; however, no 
differences (P ≥ 0.67) were observed 
for apparent ruminal, true ruminal or 
post-ruminal CP digestion. Treatment 
did not affect (P = 0.22) microbial 
effi ciency. 

As dietary DDGS increased, ruminal 
pH increased (linearly; P = 0.004; 
Table 3), while ammonia concentration 
remained unchanged (P = 0.42). In-
creased ruminal pH may be attributed 
to DDGS having less starch than corn. 
Starch from corn is degraded rapidly 
in the rumen; thus, it may decrease 

ruminal pH. Total VFA concentration 
decreased (linear; P < 0.001) with in-
creasing DDGS inclusion. Ham et al. 
(1994) fed steers 40 percent WDGS, 
partially replacing dry-rolled corn, and 
reported no differences in pH or total 
VFA concentration when compared 
with steers consuming dry-rolled corn 
diets. Acetate proportions decreased 
(P < 0.001) with increasing DDGS, 
while propionate and butyrate were 
similar (P ≥ 0.19), which resulted in a 
decreased (linear; P < 0.001) acetate-
to-propionate ratio. 

Replacing dry-rolled corn with moder-
ate to high levels of DDGS in grow-
ing diets resulted in no adverse effects 
on digestion or ruminal fermentation 
although OM intake was reduced at 60 
percent DDGS inclusion. 
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Table 2. Effect of increasing level of dried corn distillers grains with solubles on 
OM and CP intake and digestion in growing diets offered to steers.

 DDGS1, % of dietary DM Contrast

Item 0 15 30 45 60 SEM2 P-value3 Linear Quadratic Cubic

OM           
 Intake, lb/d 23.3 24.9 22.7 22.0 18.3 0.9 <0.001 <0.001 0.004 0.73
 Digestibility, % of intake         
  Apparent ruminal  61.3 59.7 55.9 50.5 50.9 3.0 0.09 0.008 0.83 0.41
  True ruminal  62.1 60.5 56.7 51.4 52.0 3.0 0.10 0.009 0.80 0.41
  Post-ruminal 14.2 17.0 21.7 27.1 26.0 2.5 0.02 0.001 0.47 0.32
  Total tract 75.6 76.8 77.5 77.5 77.0 1.1 0.74 0.33 0.34 0.98

CP         
 Intake, lb/d 3.37 3.87 3.72 4.20 3.61 0.24 0.14 0.27 0.008 0.58
 Digestibility, % of intake         
  Apparent ruminal 12.2 18.9 12.1 16.8 9.8 9.9 0.93 0.82 0.65 0.95
  True ruminal  48.3 51.4 47.2 47.9 43.9 6.7 0.94 0.56 0.71 0.90
  Post-ruminal 55.6 52.0 61.7 61.3 67.3 8.3 0.67 0.21 0.76 0.79
  Total tract 67.8 70.8 73.9 78.0 77.2 2.0 0.01 <0.001 0.35 0.41
  Microbial effi ciency4 14.1 13.7 15.5 18.9 20.6 2.3 0.22 0.03 0.52 0.59

1Dried distillers grain with solubles.
2n = 5 observations per treatment.
3Probability value for the F-test of overall treatment.
4Grams of microbial nitrogen per kilogram (N/kg) of OM truly fermented. Truly fermented OM = OM intake - apparent feed 
OM fl ow at the duodenum.
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Table 3. Effect of increasing level of dried corn distillers grains with solubles on ruminal pH, 
ammonia and VFA in growing diets offered to steers.

 DDGS1, % of dietary DM Contrast

Item 0 15 30 45 60 SEM2 P-value3 Linear Quadratic Cubic

pH 6.42 6.35 6.64 6.60 6.61 0.06 0.01 0.004 0.63 0.17
Ammonia, mM 9.95 9.54 8.26 9.70 10.53 0.83 0.42 0.62 0.11 0.92
VFA          
 Total, mM 97.6 99.9 86.9 85.7 83.3 3.2 0.006 <0.001 0.85 0.19
 Acetate, mol/100 mol 59.5 59.1 55.5 53.9 53.3 0.9 <0.001 <0.001 0.63 0.19
 Propionate, mol/100 mol 20.4 21.4 21.6 22.7 23.1 0.8 0.19 0.02 0.92 0.99
 Butyrate, mol/100 mol 13.5 13.5 14.3 13.7 13.1 0.4 0.50 0.73 0.16 0.60
 Acetate:propionate 2.95 2.81 2.58 2.39 2.34 0.13 0.02 <0.001 0.67 0.60

1Dried distillers grain with solubles.
2n = 5 observations per treatment.
3Probability value for the F-test of overall treatment.
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Effects of wet or dry distillers grains with solubles inclusion 
in diets fed to newly received beef calves on intake, 
average daily gain and feed effi ciency
B.W. Neville1, M.L. Bauer1, K. Karges2, M. Gibson2 and G.P. Lardy1

1Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.
2 Poet Nutrition, Sioux Falls, S.D.

Our objective was to evaluate the effect 
of moisture (wet distillers grain with 
solubles [WDGS] or dry distillers grain 
with solubles [DDGS]) and level (0 
percent, 20 percent or 40 percent dry 
matter [DM] basis) of corn distillers 
grains with solubles inclusion on dry-
matter intake (DMI), average daily 
gain (ADG) and gain-to-feed ratio 
(G:F) of newly received calves fed a 
medium-concentrate diet. Moisture 
level (WDGS or DDGS) did not affect 
DMI, ADG or G:F. However, increased 
inclusion of either dry or wet distillers 
grains with solubles may affect DMI, 
ADG or G:F.

Summary
The effect of moisture (WDGS or 
DDGS) and level (0 percent, 20 per-
cent or 40 percent DM basis) of corn 
distillers grains with solubles inclusion 
on DMI, ADG, and G:F of newly re-
ceived calves fed medium-concentrate 
diets was determined using 50 male 
(47 steer and three bull) calves and 50 
heifer calves, which were blocked by 
initial weight and sex, and assigned 
randomly to one of fi ve treatments 
(four pens per treatment). Dietary 
treatments were fed for 28 days. The 
control diet (CON) contained 47 
percent hay, 43 percent ground corn, 5 
percent concentrated separator byprod-
uct and 5 percent supplement (DM 
basis) while WDGS and DDGS re-
placed corn and soybean meal to form 
the remaining treatments: 20 percent 
DDGS, 40 percent DDGS, 20 percent 
WDGS and 40 percent WDGS. 
Diets were formulated to contain a 
minimum of 13 percent crude protein 
(CP), 0.6 percent calcium (Ca) and 
0.3 percent phosphorus (P); or a Ca-
to-P ratio of 1.5-to-1 when P was in 
excess. Calves were weighed for three 
consecutive days at the beginning and 
end of the study. A moisture-by-level 
interaction was detected for DMI (P 
= 0.05). Dry-matter intake decreased 
linearly (P = 0.01) and quadratically (P 
= 0.05) with increasing level of DDGS 
and WDGS, respectively. Dry-matter 
intake for CON, 20 percent DDGS, 
40 percent DDGS, 20 percent WDGS 

and 40 percent WDGS-fed calves was 
17.3, 16.3, 16.0, 17.13 and 15.3 ± 
1.17 pounds per day (lb/d), respec-
tively. Increased inclusion of distillers 
grains, regardless of moisture, increased 
ADG quadratically (P = 0.05). Increas-
ing level of WDGS improved (P = 
0.03) G:F over CON. The moisture 
level of distillers grains does not appear 
to affect DMI, ADG or G:F. However, 
increased inclusion of either dry or wet 
distillers grains with solubles may affect 
DMI, ADG or G:F.

Introduction
Feeding distillers byproducts to live-
stock is not a new subject; however, 
data comparing moisture and inclusion 
level of distillers grains with solubles 
in diets fed to newly received calves is 
limited. Previous research evaluated 
the level of wet distillers grains with 
solubles’ inclusion in beef fi nishing 
diets (Vander Pol et al., 2007), who 
found that feeding WDGS had a 
quadratic effect on DMI, ADG and 
G:F, with inclusion at 30 percent DM 
appearing to be optimal. Cattle fed 
DDGS or WDGS were more effi cient 
than those fed corn-based control diets 
(Ham et al., 1994). Ham also reported 
that cattle fed WDGS were more ef-
fi cient that those fed DDGS. Recently, 
Klopfenstein et al. (2008) reviewed 
the effects of feeding distillers grain 
(DG) in the beef feeding industry. 
They stated that the optimal inclusion 
level of DDGS is lower than that of 
WDGS with respect to cattle perfor-



29

mance. Further, Ham et al. (1994) 
stated that wet distillers byproducts 
contained 39 percent more and DDGS 
21 percent more net energy gain 
(NEg) than dry-rolled corn. Nearly all 
of this data involves feeding cattle in 
either the growing or fi nishing phase. 
Limited data is available that describes 
the effects inclusion level and form of 
distiller grains have on newly weaned 
beef calf performance. Therefore, our 
objective was to evaluate the effects of 
form (wet, WDGS; dry, DDGS) and 
level (0 percent, 20 percent or 40 per-
cent DM basis) of corn distillers grains 
with solubles’ inclusion on DMI, ADG 
and G:F of newly received calves fed 
medium-concentrate diets. 

Materials and Methods
The effect of moisture and level of corn 
distillers grains with solubles’ inclusion 
on DMI, ADG and G:F of newly re-
ceived calves fed medium-concentrate 
diets was evaluated in a 2x2+1 facto-
rial design. Fifty male (47 steer and 
three bull) calves and 50 heifer calves 
were blocked by initial weight and 
sex, and assigned randomly to one of 
fi ve treatments (four pens per treat-
ment). Calves were weighed for three 
consecutive days at the beginning and 
end of the study. Dietary treatments 
were fed for 28 days and the control 
diet (CON) contained 47 percent hay, 
43 percent ground corn, 5 percent 
concentrated separator byproduct and 

5 percent supplement (DM basis) 
while WDGS and DDGS replaced 
corn and soybean meal to form the 
remaining treatments: 20 percent 
DDGS, 40 percent DDGS, 20 percent 
WDGS and 40 percent WDGS (Table 
1). Diets were formulated to contain 
a minimum of 13 percent CP, 0.6 
percent Ca and 0.3 percent P; or a Ca-
to-P ratio of 1.5-to-1 when P was in 
excess (Table 1). Statistical analysis of 
data was completed utilizing the mixed 
model of SAS (SAS Institute Inc., 
Cary, N.C.). The model included fi xed 
effects of treatment, sex and an interac-
tion of treatment and sex; the random 
effect was weight block. Contrasts 
were analyzed for moisture and level of 
distiller grains, as well as moisture by 
level interaction.

Results and Discussion
No moisture by level interactions for 
ADG (P = 0.56) or G:F (P = 0.70) 
were detected. Further, moisture 
(DDGS or WDGS) did not affect 
(P ≥ 0.40; Table 2) DMI, ADG or 
G:F. Dry-matter intake was affected 
by a moisture by level interaction (P 
= 0.03). Calves fed DDGS decreased 
intake linearly (P = 0.01), while calves 
fed WDGS diets had both linear 
(P = 0.01) and quadratic (P = 0.05) 
decreases in DMI. Increased inclusion 
of WDGS increased ADG quadrati-
cally (P = 0.05). There was no effect 
(P ≥ 0.27) of DDGS inclusion on 
ADG. However, increased inclusion of 
distillers grains, regardless of moisture 
level, increased ADG quadratically (P 

Table 1. Receiving diets fed to newly weaned beef claves.

 DDGS WDGS

 Control 20% 40% 20% 40%

Grass hay 47 47 47 47 47
Corn 43 23  3 23  3
DDGS  - 20 40  -  -
WDGS  -  -  - 20 40
CSB1  5  5  5  5  5
SBM  0.72  -  -  -  -
Ground corn  2.85  3.60  3.24  3.6  3.24
Limestone  1.33  1.30  1.66  1.3  1.66
Vitamin E premix2  0.02  0.02  0.02  0.02  0.02
Vitamin A:D premix3  0.02  0.02  0.02  0.02  0.02
Mineral premix4  0.05  0.05  0.05  0.05  0.05
Deccox premix5  0.03  0.03  0.03  0.03  0.03

1Concentrated separator byproduct
220,000 IU/LB
322,000,000 IU/LB of vitamin A, 2,100,000 IU/LB of vitamin D3
4Ca (3.295-3.950%), Cu (2.560%), Zn (16.0%), Fe (6.5%), I (1,050ppm), 
Co (250 ppm)
5Dequinate 6% (27.2 g/lb)

Table 2. Animal performance of newly weaned beef calves fed medium-concentrate diets 
containing varying levels and form of distillers grains with solubles.

 Treatment  
         Moisture x
 Con D20 D40 W20 W40 SE Moisture Level Level

DMI, lb 17.33 16.34 15.99 17.13 15.32 1.16 0.84 0.01 0.05
ADG  ,lb  3.49  3.80  3.61  4.05  3.66 0.18 0.40 0.12 0.56
G:F1  0.20  0.23  0.23  0.24  0.24 0.01 0.46 0.88 0.70

1G:F, gain to feed represents the amount of gain per 1 pound of dry matter intake.
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= 0.05), with the greatest daily gains 
occurring at the 20 percent inclusion 
level, compared with the 0 percent or 
40 percent levels. Increasing the level 
of WDGS improved (P = 0.03) G:F, 
while increased inclusion of DDGS 
had no effect (P ≥ 0.12) on G:F. There 
was a linear (P = 0.03) increase in G:F 
with increasing inclusion of distillers 
grains with solubles. 

Implications
Beef cattle producers could benefi t by 
including distillers grains in receiving 
or weaning diets. This data indicates 
that including either wet or dry distill-
ers grains with solubles will increase 
ADG and G:F. Data from this study 
suggests feeding 20 percent wet distill-
ers grains with solubles may be more 
benefi cial than the other treatment 
diets tested. Further research with 
feeding distillers grains in medium-
concentrate diets undoubtedly will aide 
in establishment of better guidelines 
for producers. 
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Effect of fl axseed inclusion on ruminal fermentation, 
digestion and microbial protein synthesis in 
growing and fi nishing diets for beef cattle
T.C. Gilbery1, G.P. Lardy1, D.S. Hagberg1 and M.L. Bauer1

A metabolism trial evaluating the 
effects of fl ax inclusion in growing and 
fi nishing diets for beef cattle indicate 
crude protein (CP) and organic matter 
(OM) digestion was not altered when 
fl ax is fed at 8 percent of dietary dry 
matter (DM). 

Summary
Four Holstein steers (748 ± 22 pounds 
initial body weight [BW]) fi tted with 
ruminal and duodenal cannulae were 
used in a 4 x 4 Latin square design to 
evaluate the effects of fl ax inclusion in 
growing and fi nishing diets on intake, 
ruminal fermentation and site of diges-
tion. Flax replaced linseed meal and 
part of corn at 8 percent of dietary DM 
in growing (40 percent concentrate) 
and fi nishing (80 percent concentrate) 
diets. All dietary treatments were fed 
in unlimited amounts (ad libitum) as 
a totally mixed ration (TMR). There 
were no differences among treatments 
for dry-matter intake (DMI; 22.5 
pounds, 2.4 percent of body weight; 
P = 0.24). Flax decreased microbial 
OM fl ow at the duodenum (P = 0.02). 
Total tract OM digestion was greater 
for steers fed fi nishing diets (P = 0.02) 
and apparent ruminal OM digestibility 
tended to increase for steers fed fi nish-
ing diets (P = 0.09). Steers consuming 
fi nishing diets had greater (P = 0.001) 
total tract CP digestion. Microbial ef-
fi ciency increased (P = 0.04) for steers 
on a growing diet. Steers fed growing 
diets had increased (P ≤ 0.004) rumi-
nal neutral detergent fi ber (NDF) and 
acid detergent fi ber (ADF) digestion. 
Steers consuming fl ax had lower (P = 
0.02) ruminal ammonia. There was no 
effect (P ≥ 0.19) of fl ax on crude pro-
tein, NDF, ADF and OM ruminal and 
total tract digestion. Results indicate 
fl ax inclusion did not alter OM and 

CP digestion when replacing part of 
corn and linseed meal in growing and 
fi nishing diets for beef cattle. 

Introduction
Flax (Linum usitatissimum) is an oilseed 
grown primarily for its oil-rich seed 
that contains 41 percent oil, 20 percent 
CP and 20 percent NDF (Canadian 
Grain Commission, 2001). North 
Dakota fl axseed production accounted 
for 90 percent of the U.S. fl ax crop in 
2007 (National Agricultural Statistics 
Service, 2008). Flax in receiving diets 
has improved calf health, performance 
and, potentially, nutritional aspects of 
beef for consumers (Drouillard et al., 
2001; Maddock et al., 2006). Average 
daily gain and the gain-to-feed ratio 
(G:F) were superior in diets contain-
ing fl ax, compared with tallow, and 
death loss was lowest for fl ax-fed 
calves (Drouillard et al., 2002; 2004). 
Beef from cattle fed fl ax contains 
greater levels of omega-3 fatty acids, 
potentially resulting in niche market-
ing opportunities for beef producers 
(Maddock et al., 2006). Drouillard 
et al. (2002) reported increased DMI 
with the inclusion of fl ax at 10 percent 
of diet DM in fi nishing diets for cattle. 
Furthermore, Maddock et al. (2006) 
reported increased hot carcass weight 
(HCW) and lower U.S. Department of 
Agriculture yield grades when measur-
ing carcass composition of heifers fed 
fi nishing diets containing fl ax. Drouil-
lard et al. (2002, 2004) observed an 
increase in the percentage of carcasses 
grading USDA Choice or greater fol-

1Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.
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lowing a fi nishing phase in which cattle 
consumed fl ax at 5 percent of dietary 
DM. Our objective was to evaluate 
the effects of fl ax inclusion in growing 
and fi nishing diets on intake, ruminal 
fermentation and site of digestion. 

Procedures
Four ruminally and duodenally cannu-
lated Holstein steers (748 ± 22 pounds 
initial BW) were used in a 4 x 4 Latin 
square design to evaluate the effects of 
fl ax inclusion on ruminal fermentation 
and digestion. Steers consumed grow-
ing and fi nishing diets in which fl ax 
replaced linseed meal and a portion of 
the corn at 8 percent of dietary DM 
in growing (40 percent concentrate) 
and fi nishing (80 percent concentrate) 
diets. 

Steers were housed in an enclosed barn 
in individual stanchions (4-foot by 
7-foot). Steers were fed the diets in the 
form of a totally mixed ration at 7 a.m. 
and 7 p.m. and were allowed free access 
to water. Diets were offered to ensure 
ad libitum intakes and 10 percent feed 
refusal daily.

Feed ingredients were alfalfa hay, corn 
silage, dry-rolled corn, linseed meal or 
rolled fl ax and supplement (Table 1). 
Treatments were arranged in a 2 x 2 
factorial with the main effects being 
diet concentrate level (growing diet 
at 70 percent concentrate or fi nishing 
diet at 85 percent concentrate) and fl ax 
inclusion (0 percent vs. 8 percent fl ax). 
The resulting treatments included: 1) 
growing diet without fl ax, 2) growing 
diet with 8 percent fl ax, 3) fi nish-
ing diet without fl ax and 4) fi nishing 
diet with 8 percent fl ax (Table 1). 
Diets were formulated to provide 13 
percent and 15 percent CP (growing 
and fi nishing diets respectively; DM 
basis) while all diets were formulated to 
provide calcium-to-phosphorus (Ca: P) 
ratio of 2-to-1 (DM basis). Corn and 
fl ax were processed by dry rolling.

Each experimental period was 14 days 
in length, allowing nine days for adap-
tation to diet and fi ve days for sample 
collection. Feed refusal samples were 
measured to determine DMI. Total fe-
cal output was measured to determine 
total tract digestion. Intestinal samples 
were taken during a three-day period to 
estimate nutrient fl ow. Ruminal fl uid 
samples were collected and analyzed 
for ammonia (NH3), volatile fatty acid 
concentrations and pH. 

Results
Dry-matter intake was not affected (P 
= 0.24; 22.5 ± 1.2 pounds/day) by fl ax 
inclusion or ration type (growing vs. 
fi nishing). Steers fed fi nishing diets had 
increased (P = 0.02) OM digestion, 
compared with the growing ration-fed 
steers. Dietary fl ax inclusion did not al-
ter (P = 0.66) total tract OM digestion. 
Apparent ruminal and total tract CP 
digestion was greater (P ≤ 0.03) and 
true ruminal CP tended to be greater 

Table 1. Formulation of dietary treatments (% of DM).

 Treatment

 No Flax With Flax

Item Growing Finishing Growing Finishing

Corn silage 40.00 10.00 40.00 10.00
Corn 26.09 66.11 23.88 63.11
Alfalfa 20.00 10.00 20.00 10.00
Flax - - 8.00 8.00
Concentrated separator byproduct1 5.00 5.00 5.00 5.00
Linseed meal 5.80 5.00 - -
SBM 1.00 1.00 1.00 1.00
Trace mineral premix2 0.60 0.60 0.60 0.60
Limestone 0.90 1.40 0.80 1.40
Dicalcium phosphate 0.10 - 0.10 -
Chromic oxide 0.25 0.25 0.25 0.25
Urea 0.22 0.60 0.38 0.60
Monensin premix3 0.02 0.02 0.02 0.02
Vitamin A and D premix4 0.02 0.02 0.02 0.02

1De-sugared sugar beet molasses.
2Contained (per kg) a minimum of 32.9 g Ca, 25.6 g Cu, 160 g Zn, 65.0 g Fe, 40.0 g Mn,
1.05 g of I, 0.250 g Co.
3Contained 176 g/kg of monensin; formulated to contain 200 mg of monensin/kg of diet.
4 Contained vitamin A and D concentrations of 22,000 and 2,100 IU/kg, respectively.

Table 2. Analyzed nutrient composition of feed 
ingredients in growing and fi nishing diets (% of DM).

Item OM NDF ADF CP Fat

Corn silage 93.2 50.3 27.2 7.6 2.8
Alfalfa 89.4 57.0 41.8 16.5 0.7
Corn 98.2 18.7 3.8 10.2 5.3
Flax 95.7 37.0 23.8 23.4 24.4
Linseed meal 93.2 26.1 14.6 40.4 4.8
Growing     
 No fl ax 89.4 37.4 20.2 13.6 2.6
 With fl ax 89.9 38.8 21.7 13.4 5.0
Finishing     
 No fl ax 90.5 30.0 12.9 15.0 4.0
 With fl ax 90.9 30.3 13.0 14.5 7.3
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(P = 0.08) for steers fed fi nishing diets 
that refl ect the more readily digestible 
nutrient sources available in the high-
concentrate diets. Growing ration-fed 
steers had greater (P = 0.04) microbial 
effi ciency, which followed the same 
trends as microbial CP. The higher 
levels of digestion we observed for the 
fi nishing diets were not unexpected 
as roughage was replaced by the more 
readily digestible corn grain in the 
fi nishing diet, compared with growing 
diets. 

Ruminal and post-ruminal fl ow (1.6 
± 0.1 pound/day) and digestion (72.4 
± 3.4 percent) of NDF in growing 
and fi nishing diets were not altered (P 
≥ 0.13) by fl ax inclusion. Total tract 
NDF digestion tended to increase (P 
= 0.10) for steers fed fi nishing diets, 
compared with growing diets (74 
percent vs. 67 percent, respectively). 

Table 3. Effect of fl ax inclusion on DMI, OM digestion and CP digestion in steers 
consuming growing and fi nishing diets.

 No Flax With Flax Contrasta

Item Grower Finisher Grower Finisher SEMb Ration Flax Ration x Flax

DMI        
 lb/d 22.05 24.30 22.40 21.43 1.19 0.53 0.24 0.14
 % of BW 2.36 2.58 2.43 2.30 0.09 0.64 0.26 0.08

OMI, lb/d 19.71 22.03 20.11 19.51 1.04 0.33 0.24 0.12

Duodenal OM fl ow        
 Microbial, lb/d 2.91 2.23 2.56 1.63 0.15 0.001 0.02 0.46

Digestion, % of intake        
 Apparent ruminal 53.3 61.6 55.9 61.3 4.4 0.09 0.74 0.68
 True ruminal 68.1 71. 8 68.7 69.9 4.1 0.46 0.83 0.69
 Small intestine 14.3 14. 5 15.6 15.8 3.1 0.95 0.62 0.98
 Large intestine 5.6 3.2 1.8 0.4 1.8 0.19 0.04 0.70
 Total tract 73.3 79.3 73.4 77.6 1.8 0.02 0.66 0.64

CP Intake lb/d 3.02 3.59 3.04 3.09 0.17 0.09 0.16 0.14

Duodenal CP fl ow        
 Microbial, lb/d 1.57 1.30 1.32 1.01 0.11 0.02 0.02 0.82

CP digestion, % of intake        
 Apparent ruminal -6.1 20.8 11.6 23.8 8.6 0.03 0.19 0.34
 True ruminal 46.2 57.1 50.0 57.5 6.3 0.08 0.64 0.71
 Small intestine 67.2 54.4 54.4 53.0 7.5 0.29 0.29 0.39
 Large intestine 2.4 -0.5 -0.1 -3.1 2.1 0.18 0.25 0.96
 Total tract 63.6 74.8 65.9 73.6 2.1 0.001 0.78 0.42
 Microbial effi ciencyc 18.8 13.4 17.1 12.0 2.3 0.04 0.45 0.93

aProbabilities for contrast F-test.
bn = 4.
cGrams duodenal microbial N per kg ruminal OM truly fermented.

The observed increase (P ≤ 0.03) in 
NDF and ADF intake and increased 
intestinal fl ow of NDF and ADF for 
steers fed the growing diets refl ect the 
higher level of forage present in the 
growing diet. 

Ruminal data for pH, NH3 and vola-
tile fatty acid (VFA) are mean values 
reported for samples taken during 24 
hours post-feeding. Ruminal pH and 
total VFA were not different (P ≥ 
0.29) for diet type or fl ax inclusion, 
with pH averaging 6.40 ± 0.12 for all 
treatments. There were no time x diet 
type x fl ax interactions (P ≥ 0.29) for 
pH, NH3-nitrogen (N) and VFA. Flax-
fed steers had reduced (P = 0.02; 4.60 
vs. 6.40 milliMolar [mM]) ruminal 
ammonia; no differences were observed 
in ruminal NH3-N for diet type (P = 
0.43). 

Flax inclusion in growing and fi nishing 
diets fed to steers did not affect (P ≥ 
0.13) total VFA concentration. Steers 
consuming growing diets had greater 
(P = 0.003) ruminal acetate concentra-
tions, compared with steers fed fi nish-
ing diets. Conversely, molar proportion 
of propionate increased (P = 0.04) for 
steers fed the fi nishing diet. 

Implications
The results from this experiment indi-
cate feeding fl ax at 8 percent of dietary 
DM in either growing or fi nishing 
diets did not change ruminal fermenta-
tion characteristics. In addition, fl ax 
inclusion did not alter OM and CP 
digestion when replacing part of corn 
and linseed meal in growing and fi nish-
ing diets for beef cattle.



34 2007 Beef Cattle and Range Research Report

Literature Cited
Canadian Grain Commission. 2001. Nutri-

tional profi le of No. 1 Canada Western 
fl axseed and of yellow fl axseed samples. 
Can. Grain Comm., Winnipeg, Mani-
toba.

Drouillard, J.S., E.J. Good, C.M. Gordon, 
T.J. Kessen, M.J. Sulpizio, S.P. Montgom-
ery and J.J. Sindt. 2001. Final Report. 
Flaxseed and fl axseed products for cattle: 
Effects on health, growth performance, 
carcass quality and sensory attributes. Pro-
ceedings of the 59th Flax Institute, March 
21-23, Fargo, N.D. P72-87. 

Drouillard, J.S., E.J. Good, C.M. Gordon, 
T.J. Kessen, M.J. Sulpizio, S.P. Montgom-
ery and J.J. Sindt. 2002. Flaxseed and 
fl axseed products for cattle: Effects on 
health, growth performance, carcass qual-
ity and sensory attributes. Pages 72–87 in 
Proc 59th Flax Institute, Fargo, N.D. Flax 
Institute, Department of Plant Sciences, 
Fargo, N.D.

Drouillard, J.S., M.A. Seyfert, E.J. Good, 
E.R. Loe, B. Depenbusch and R. Daubert. 
2004. Flaxseed for fi nishing beef cattle: 
Effects on animal performance, carcass 
quality, and meat composition. Pages 
108–117 in Proceedings of the 60th Flax 
Institute, Fargo, N.D. Flax Institute, De-
partment of Plant Sciences, Fargo, N.D.

Maddock, T.D., M.L. Bauer, K.B. Koch, V.L. 
Anderson, R.J. Maddock, B. Barceló-
Coblijn, E.J. Murphy and G.P. Lardy. 
2006. Effect of processing fl ax in beef 
feedlot diets on performance, carcass 
characteristics, and trained sensory panel 
ratings. J. Anim. Sci. 84:1544-1551.

NASS. 2008. USDA crop production 2007 
summary. Available: http://usda.mannlib.
cornell.edu/usda/current/CropProdSu/
CropProdSu-01-11-2008.pdf. Accessed 
Feb. 13, 2008.

Zinn, R.A., and A. Plascencia. 1996. Interac-
tion of whole cottonseed and supplemen-
tal fat on digestive function in cattle. J. 
Anim. Sci. 71:11-17. 



35

Effect of backgrounding rate of gain on subsequent 
feedlot performance, carcass characteristics, Warner-Bratzler 
shear force and sensory analysis
B. Loken1, R. Maddock1, M. Stamm2 and G. Lardy1

The objective of this study was to 
determine the infl uence of rate of gain 
during the backgrounding period 
on fi nishing performance, carcass 
characteristics, shear force and consumer 
sensory analysis. Backgrounding rates of 
gain between 3.09 and 3.68 pounds per 
day have no effect on subsequent feedlot 
performance and meat quality.

Summary
Seventy-nine Angus and Angus × Sim-
mental steers (507 initial body weight) 
were used in a completely random 
design to determine the effect of rate of 
gain during the backgrounding period 
on subsequent feedlot performance, 
carcass characteristics, Warner-Bratzler 
shear force and sensory analysis. 
Dietary treatments were formulated to 
have an average daily gain (ADG) of 2 
pounds per day (lbs/d) or 2.75 lbs/d. 
Steers were fed for 70 days during the 
backgrounding period. The low-gain 
(LG) diet consisted of 52.5 percent 
barley silage, 39 percent whole-shell 
corn and 8.5 percent supplement, 
while the high-gain (HG) diet con-
tained 43.9 percent barley silage, 
47.4 percent whole-shell corn and 8.7 
percent supplement on a dry mat-
ter (DM) basis. Initial body weight 
was not different (P = 0.70) between 
treatments. Steers fed the HG diet had 
increased (P < 0.001) ADG, compared 
with steers fed the LG diet (3.68 vs. 
3.09 kilograms per day [kg/d], respec-
tively). Following the growing period, 
steers were fed a common diet for 135 
days. During the fi nishing period, LG 
steers had greater (P = 0.01) dry-matter 
intake (DMI), compared with those 
fed HG diets; however, ADG was not 
different (P = 0.68) among treatments. 
Hot carcass weight, marbling score, 
12th rib fat, lean meat (LM) area, and 
U.S. Department of Agriculture yield 
grade (363 kg, Sm30, 1.33 cm, 83.8 
cm2 and 2.7, respectively) were not dif-
ferent (P > 0.12) between treatments. 

There were no differences (P = 0.77) 
in Warner-Bratzler shear force tender-
ness of rib eye steaks (3.63 kg). Feeding 
steers to gain between 3.09 and 3.68 
kg/d during the growing period does 
not affect meat quality.

Materials and Methods
Seventy-nine Angus and Angus × 
Simmental steer calves were assigned 
randomly to one of two dietary treat-
ments in a completely random design. 
Steers were weighed, stratifi ed by initial 
body weight (505 ± 154 pounds) and 
allotted to one of 10 pens (eight steers 
per pen). The pen was considered the 
experimental unit, with two treatments 
and fi ve replications. Treatments were 
a low-gain (LG) ration, targeting an 
ADG of 2 lbs/d, and a high-gain (HG) 
ration, targeting 2.75 lbs/d. Dietary 
treatments for the backgrounding pe-
riod are in Table 1. Steers were fed the 
dietary treatments for 70 days during 
the backgrounding period. Steers were 
vaccinated with Bovi-shield® Gold 5 
and One Shot Ultratm 7, and implant-
ed with a Ralgro® implant at the start 
of the period.

Steers were fi nished on a common 
corn-based diet at the University of 
Nebraska Panhandle Research and Ex-
tension Center feedlot in Scottsbluff. 
Steers weights and feed refusals were 
weighed to determine ADG, DMI 
and gain-to-feed ratio (G:F) for both 
backgrounding and fi nishing periods. 
Carcass endpoint was determined by 
ultrasonic evaluations of 12th rib fat. 

1Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.
2Hettinger Research Extension Center, 
Hettinger, N.D.
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When average fat depth of one-third of 
the calves was determined to be 0.45 
inch, calves were marketed for slaugh-
ter. 

Steers were slaughtered at a commer-
cial slaughtering facility and carcass 
measurements were taken 48 hours 
postharvest. Rib eye samples (2 inches 
thick) were collected and returned to 
NDSU for Warner-Bratzler shear force 
and consumer sensory analysis. Once 
frozen, the steaks were cut to a thick-
ness of 1 inch. Steaks were allowed to 
thaw for 24 hours and were cooked in 
a convection oven at 350 F until they 
reached an internal temperature of 150 
F to be used  in Warner-Bratzler shear 
force and consumer sensory analysis. 
Prior to sensory analysis, panelists 
were trained to determine tenderness, 
juiciness and fl avor (1 being extremely 
tough, dry, bland; 8 being extremely 
tender, juicy, fl avorful).

Data was analyzed as a completely ran-
dom design using the PROC MIXED 
procedure of SAS (SAS Institute, Cary, 
N.C.). The model contained effects for 
treatment and replicate. Least square 
means were calculated and means were 
considered signifi cant if P < 0.05. 

Results and Discussion
Backgrounding and fi nishing perfor-
mances, carcass characteristics, shear 
force and consumer sensory analysis is 
shown in Table 2. 

Backgrounding Period - Initial body 
weight for the backgrounding period 
was not different between treatments. 
By design, ADG was increased in the 
HG treatment group (P = 0.009), 
which led to an increased body weight 
(P = 0.006) at the end of the period. 
Dry-matter intake also was increased in 
the HG treatment group (P <0.001), 
causing G:F to be similar among 

treatments (0.17 ± 0.01, P = 0.225). 
Backgrounding feed costs also were in-
creased for the HG treatment group (P 
< 0.001); however, feed cost per pound 
of gain was not different (0.44 ± 0.01, 
P = 0.394).  

Finishing Period - Initial body weight 
(BW) tended to be increased in the 
HG treatment group (P = 0.073), 
while fi nal weights were not different 
among treatment groups (1,263.5 ± 
27.7 pounds, P = 0.175). Dry-matter 
intakes tended to increase in the LG 
treatment group (P = 0.101), but ADG 
(3.40 ± 0.01 pound, P = 0.921) and 
G:F (0.15 ± 0.01, P = 0.304) were not 
affected by treatment. Finishing feed 
costs were increased in the LG treat-
ment group (P = 0.023), while feed 
cost per pound of gain was not affected 
(0.73 ± $0.04/pound, P = 0.187). 

Hot carcass weights were not differ-
ent between treatments (P = 0.175). 
Marbling score; 12th rib fat; rib eye 
area; percentage kidney, pelvic and 
heart fat (KPH); and USDA yield 
grade and quality grade were not differ-
ent between treatments (P ≥ 0.126). 
Backgrounding treatment did not 
affect shear force analysis (8.02 ± 0.18 
pound, P = 0.777). Percent thaw loss 
was not affected (1.98 ± 0.59 percent, 
P = 0.545), but percent cook loss was 
increased in the LG treatment group 
(P = 0.017). Consumer sensory analy-
sis ratings of tenderness (5.43 ± 0.12, 
P = 0.606), juiciness (5.70 ± 0.13, P 
=0.276) and fl avor intensity (5.16 ± 
0.01 P = 0.857) were not different 
between treatments.

Implications
Steers grown on the LG treatment 
achieved similar fi nal weights to those 
on the HG treatment and had similar 
fi nishing performance, carcass char-
acteristics, shear force and consumer 
sensory analysis. Backgrounding steers 
at rates of gain between 3.08 and 3.69 
lb/d has no effects on fi nishing per-
formance, carcass characteristics, shear 
force and consumer sensory analysis.

Table 1. Dietary composition fed to Angus and Angus × Simmental 
steers during the backgrounding period.

 Dietsa

Ingredients Receiving diet LG HG

 - - - - - - - - %, DM basis - - - - - - - -
Alfalfa-grass hay 23.0 --- ---
Barley hay 12.9 --- ---
Oat hay 13.1 --- ---
Barley silage --- 52.6 43.9
Whole-shell corn 43.3 39.0 47.4
Supplement pelletsb  7.0  6.2  5.2
Deccox medicated crumbles  1.5  1.6  1.3
Soybean meal, 44% --- ---  1.3
Calcium carbonate ---  0.7  0.9

Chemical composition, %   
 DM 86.6 50.9 56.7
 - - - - - - - - %, DM basis - - - - - - - -
 Ash  9.7 11.5 10.7
 CP 13.5 13.1 12.2
 ADF 14.3 20.1 14.8
 NDF 40.4 37.4 27.6

Calculated analysis   
 NEm, Mcal/lb  0.80  0.75  0.81
 NEg, Mcal/lb  0.46  0.48  0.54

aLG = low gain, HG = high gain. 
b27% commercial supplement (as fed): 27% CP, min Ca 2.0%, min P 0.7%, 
min K 0.7%, min Vit D3 1,700 IU·lb-1, min Vit A 27,000 IU·lb-1, min Vit E 
100 IU·lb-1, and Rumensin 225 mg·lb-1.
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Table 2. Effect of backgrounding rate of gain on backgrounding 
and fi nishing performance, carcass characteristics, shear force and 
consumer sensory analysis.

 Treatmentsa  

 HG LG SEMb P-value

Backgrounding performance    
 Initial weight, lb  567.3  564.5  7.1  0.701
 End weight, lb  825.7  778.7 12.8  0.006
 ADG, lb  3.69  3.08  0.12  0.009
 DMI, lb  20.90  18.44  0.31 <0.001
 DMI % BW  3.03  2.76  0.07  0.006
 G:F  0.18  0.17  <0.01  0.225
 Feed cost, $/lb gain  0.44  0.45  0.01  0.394
 Feed cost, $/hd   110.68  95.95  1.05 <0.001

Finishing performance    
 Initial wt, lb  825.7  783.1 20.6  0.073
 Final wt, lb 1284.1 1242.9 27.7  0.175
 DMI, lb  22.76  23.66  0.48  0.101
 ADG, lb  3.40  3.41  0.10  0.921
 G:F  0.15  0.14  <0.01  0.304
 Feed cost, $/lb  0.70  0.76  0.04  0.187
 Feed cost, $/hd  315.61  344.72  7.35  0.023

Carcass characteristics    
 HCWc, lb  815.3  789.3  17.6  0.175
 Marbling scored  435.04  421.44  9.85  0.358
 12th rib fat  0.52  0.52  0.03  0.917
 Rib eye area, in2  12.99  12.98  0.25  0.984
 KPH  2.50  2.50  0.07  0.946
 USDA YG  2.74  2.66  0.12  0.651
 USDA QGe  175.57  155.24  7.58  0.126

Shear force    
 Thaw loss, %  2.38  1.58  0.59  0.545
 Cook loss, %  29.43  31.04  0.05  0.017
 WBSF, lb  8.04  7.99  0.18  0.777

Sensory analysisf    
 Tenderness  5.38  5.48  0.12  0.606
 Juiciness  4.96  5.17  0.13  0.276
 Flavor intensity  5.16  5.17  0.05  0.875

aHG = high gain; LG = low gain
bSEM = standard error of the mean
cHCW = hot carcass weight
dMarbling score: 300 = slight; 400 = small
eUSDA QG: 100 = select; 200 = choice
fSensory analysis: 1 = extremely tough, dry, bland; 8 = extremely tender, juicy, 
fl avorful
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The objective of this study was to 
evaluate the effects of weaning date on 
the performance of May-born Angus 
calves during the growing and fi nishing 
period. Weaning date did not affect calf 
daily gain, dry-matter intake or gain-
to-feed ratio during the background 
period and had no effect on carcass 
characteristics at harvest. Early weaning 
is a viable option for producers who feed 
their calves for 91 days postweaning.

Summary
Forty-eight steer and heifer calves from 
the NDSU Hettinger Research Exten-
sion Center’s May calving cowherd 
were assigned randomly to one of two 
treatments: early weaning (EW, 139 
days of age) or normal weaning (NW, 
197 days of age). At the end of the 
receiving period, calves were weighed, 
stratifi ed by body weight and sex, and 
allotted randomly to one of 12 pens 
(four calves/pen, six pens/treatment) 
for backgrounding (EW = 91 days, 
NW = 42 days). Calves were fed a 
43-to-57 forage-to-concentrate diet 
(13 percent crude protein [CP], 0.54 
megacalorie of net energy gain per 
pound [Mcal NEg/lb]). Interim calf 
weights were measured on day 36, 52 
and 64 and diet samples collected on 
day 14, 32, 54, 67 and 78. Following 
backgrounding, calves were fi nished 
at the NDSU Carrington Research 
Extension Center. Calves were com-
mingled into one fi nishing pen and 
fed a 14-to-86 forage-to-concentrate 
diet (14.7 percent CP, 0.63 Mcal NEg/
lb) for 112 days. Calves were harvested 
and individual carcass data collected 
when back fat was visually estimated 
to be 0.50 inch. Weaning weight was 
predictably less for EW calves (417 
± 3 pounds) vs. NW calves (559 ± 
3 pounds, P < 0.0001); EW calves 
were 6 percent heavier than the NW 
calves (EW = 782 pounds vs. NW = 
736 pounds, P < 0.004) at the end of 

the background period. Despite EW 
calves having higher feed costs dur-
ing backgrounding than NW calves 
($148.27 vs. $65.11, P < 0.0001), 
feed cost of gain and total cost of gain 
(dollar/pound gain) did not differ 
among treatments (P = 0.11). Weaning 
date did not affect dry-matter intake 
(DMI), average daily gain (ADG), 
gain-to-feed ratio (G:F) or mortality 
rates (P ≥ 0.10). No treatment differ-
ences were observed for carcass data (P 
= 0.23) or age at slaughter (P =0.86). 
Early weaning is a viable option for 
producers who feed their calves for 91 
days postweaning; EW calves grew as 
well as or better than NW calves in this 
study.

Introduction
The western region of North and 
South Dakota is characterized by a 
semiarid climate, with an agricultural 
base consisting of dryland farming and 
beef cattle production. In 2005, the 
Dakotas had a beef cattle inventory of 
more than 5.23 million head worth in 
excess of $5.4 billion to the two states’ 
economies (USDA National Agricul-
tural Statistics Service, 2005). The 
majority of cows in the region calve in 
the early spring (February and March) 
and calves are sold at weaning (Octo-
ber and November). 

During the past six years, this area was 
impacted by drought, drastically reduc-
ing winter-feed supplies for gestating/
lactating beef cows. One management 
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practice regional cattle producers use to 
spare forage for grazing gestating/lac-
tating beef cows is to early wean calves. 
Peterson et al. (1987) reported that 
cows with early weaned calves con-
sumed 45.3 percent less hay than cows 
with nursing calves. The defi nition of 
early weaning varies, but calves weaned 
at less than 150 days of age usually are 
considered early weaned (Loy et. al, 
1999). Other reasons producers choose 
to early wean their calves include poor 
quality of feed available, feed is in short 
supply, cows are poor milkers or fi rst-
calf heifers, and cows calve late (Myers 
et al., 1999c). 

Most research on early weaning has 
focused on early spring (February and 
March) calving cowherds (Schoonmak-
er et al., 2001; Story et al., 2000). Lit-
tle research has evaluated the impacts 
of early weaning on late spring-born 
(May and June) calves. The objective 
of this study was to evaluate the effects 
of weaning date on May-born Angus 
calves during the growing and fi nishing 
period.

Materials and Methods
The North Dakota State University 
Animal Care and Use Committee ap-
proved the protocols used in this study. 
This research was conducted at the 
NDSU Hettinger Research Extension 
Center’s Southwest Feeders feedlot in 
Hettinger, N.D., and the NDSU Car-
rington Research Extension Center’s 
feedlot in Carrington, N.D. 

A randomized complete design was 
used to evaluate the effects of weaning 
date on May-born Angus calves during 
the grow-fi nish period. Forty-eight 
steer and heifer calves (average birth 
date = May 1 ± 3.43 days) from the 
NDSU Hettinger Research Exten-
sion Center’s May calving cowherd 
were randomly assigned to one of two 
treatments: early weaning (EW, 139 

days of age, Sept. 19, 2006) or normal 
weaning (NW, 197 days of age, Nov. 
15, 2006). Brood cow age ranged from 
2 to 6 years; no fi rst-calf heifers were 
in the herd in 2006. The NW calves 
remained on pasture with their dams 
57 days longer than the EW treatment 
group. Neither set of calves (EW and 
NW) was creep fed while on pasture. 
Early weaned calves were transported 
(fi ve miles) to the feedlot after morning 
gathering and weighing in the pasture; 
calves assigned to the EW treatment 
weighed 417 pounds at weaning. The 
NW calves were weaned 57 days later 
after morning gathering and weighing 
in the pasture and transported (fi ve 
miles) to the feedlot. Normally weaned 
calves weighed 559 pounds at weaning. 
All calves (EW and NW) were fed a 
dry hay-based receiving ration for the 
fi rst 14 days (NW) and 22 days (EW) 
post-arrival at the feedlot. The receiv-
ing diet for EW calves consisted of 
43.4 percent shell corn, 22.15 percent 
alfalfa-grass hay, 13.05 percent oat hay, 
12.80 percent barley hay, 7.15 percent 
protein supplement and 1.45 percent 
Deccox™-medicated crumbles (dry 
matter [DM] basis; 14.3 percent CP, 
0.54 Mcal NEg/lb). The receiving diet 
for NW calves consisted of 39.90 per-
cent shell corn, 35.90 percent mixed 
hay (equal parts alfalfa, barley and grass 
hays), 12.30 percent oat hay, 5.20 per-
cent protein supplement, 4.50 percent 
soybean meal (44 percent CP), 1.60 
percent Deccox™ -medicated crum-
bles and 0.60 percent calcium carbon-
ate (DM basis; 13.20 percent CP, 0.51 
Mcal NEg/lb). The hay sources utilized 
in the receiving diets were chopped 
(2.5-inch length) prior to feeding.

At the end of the receiving period 
(EW = Oct. 12, 2006, NW = Nov. 30, 
2006), calves were weighed, stratifi ed 
by body weight and sex, and allotted 
randomly within weaning date to one 
of 12 pens (four calves/pen, six pens/
treatment) for the backgrounding 
phase (EW = 91 days, NW = 42 days). 
Calves were fed a 43-to-57 forage-to-
concentrate diet (13 percent CP, 0.54 

Mcal NEg/lb growing diet, $91.25/
ton DM, Table 1). Target gain for the 
background period was 2.5 pounds/
day. Diet formulations were isonitrog-
enous and isocaloric at the start of the 
study. Fence line feed bunks were read 
daily at 7 a.m. and slick bunk manage-
ment was used to determine individual 
pen daily feed allotment. Calves were 
fed diets once daily commencing at 
9 a.m. and had continual access to 
water. Initial and fi nal weights were 
determined using average unshrunk 
weights from two consecutive weigh 
days by weighing each animal prior 
to daily feeding. Interim calf weights 
were measured on day 36, 52 and 64 
of the background phase prior to daily 
feeding. Diet samples were collected on 
day 14, 32, 54, 67 and 78 during the 
growing period. 

All calves were vaccinated with a 
modifi ed live vaccine for respiratory 
diseases (Bovi-Shield® Gold 5, Pfi zer 
Animal Health, New York, N.Y.; EW = 
Sept. 29, 2006, NW = Nov. 16, 2006), 
clostridial diseases and Mannheimia 
hemolytica bacterin-toxid (One Shot 
Ultra™ 7, Pfi zer Animal Health, New 
York, N.Y.). Calves also were poured 
with an anthelmintic (Dectomax® 
Pour On, Pfi zer Animal Health, New 
York, N.Y.) at time of vaccination for 
internal and external parasite control. 
Calves were implanted with a Ralgro® 
implant (36 milligrams [mg] zeranol, 
Schering-Plough Animal Health Corp., 
Kenilworth, N.J.) at the start of the 
background period. During the course 
of the study, calves had intermittent 
nasal discharges due to seasonally vari-
able weather. Calves were revaccinated 
on day 53 (EW calves) and day 69 
(NW calves) for respiratory diseases 
and Hemophilus somnus using a mod-
ifi ed live vaccine (Express™ 5-HS, 
Boehringer-Ingelheim Vetmedica Inc., 
St. Joseph, Mo.).  

On Jan. 16, 2007, the backgrounded 
calves were sent to the NDSU Car-
rington Research Extension Center 
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(NDSU-CREC) in Carrington, N.D., 
for fi nishing. Calves were commingled 
into one fi nishing pen and fed a 
14-to-86 forage-to-concentrate diet 
(14.7 percent CP, 0.63 Mcal NEg/lb 
fi nishing diet, Table 1) for 112 days. 
Calves were revaccinated for respiratory 
(Bovi-Shield® Gold 5, Pfi zer Animal 
Health, New York, N.Y.) and clostridi-
al (Ultrabac® 7, Pfi zer Animal Health, 
New York, N.Y.) diseases at arrival at 
the fi nishing yard. Additionally, calves 
were poured with an anthelmintic 
(Dectomax® Pour On, Pfi zer Animal 
Health, New York, N.Y.) for internal 
and external parasite control at the 
time of vaccination. Calves (EW and 
NW) were not implanted during the 
fi nishing period. Calves were harvested 
when back fat thickness was visually 
estimated to be 0.50 inch. On March 
26, 2007, and March 27, 2007, fi ve 
calves were sent each day to Barton 
Meats, Carrington, N.D., for slaughter. 
These calves were fed for 70 and 71 
days, respectively, before harvest. The 
remaining calves were slaughtered at 
Tyson Foods, Dakota City, Iowa, on 
May 7, 2007; remaining calves were 
on feed for 112 days. Finishing end 
weights were taken on all calves prior 
to shipping for harvest; weights were 
unshrunk weights (feed was present in 
the bunk at time of weighing). Individ-
ual carcass data of hot carcass weight 
(HCW); back fat thickness (BF); 
ribeye area (REA); percentage kidney, 
pelvic and heart fat (KPH); marbling 
score; and yield grades were collected at 
the two commercial slaughter facilities. 

Results and Discussion
Early weaned calves were lighter at 
the start of the background period 
than NW calves (478 ± 1.4 pounds vs. 
591± 1.4 pounds, respectively; Table 
2, P < 0.0001). When NW calves 
were weaned, EW calves (532 ± 6.5 
pounds) were 10 percent lighter body 
weight (BW) than NW calves (591 ± 
6.5 pounds, P = 0.0002). However, 
at the end of the background period, 

Table 1. Calf diets fed during the grow-fi nish period.

Item Growing  Finishing 

Ingredient, % dry matter  
 Shelled corn 43.43 52.33
 Barley silage 29.67 ---
 Oat hay, chopped 12.87 ---
 Protein supplement1  6.64 ---
 44% Soybean meal  2.50 ---
 Deccox™ crumbles  1.82 ---
 Chlortetracycline crumbles2  2.65 ---
 Calcium carbonate  0.42  0.56
 Field peas, dry rolled --- 14.17
 Wet distillers grains ---  9.65
 Corn silage ---  7.95
 Naked oats ---  7.61
 Straw, chopped ---  6.32
 Monensin supplement3 ---  1.41

Nutrient density, dry matter basis   
 Crude protein, % 13.00 14.68
 Net energy for gain, Mcal/lb4  0.54  0.63

127% Commercial supplement (as fed): 27% CP, Ca min 2.0%, 
P min 0.7%, K min 0.7%, Vitamin A min 27,000 IU/lb, Vitamin 
D3 min 1,700 IU/lb, Vitamin E min 100 IU/lb, and Rumensin® 
225 mg/lb. 
2Calves fed Chlortetracycline crumbles at 10 mg/lb body weight to 
prevent bovine respiratory disease. Calves were fed crumbles for the 
fi rst 8 days in feedlot and when the calves had nasal discharges on 
day 44-46, day 64-66, and day 90-91.
3Monensin supplement (as fed): 13.43% CP, Ca min 5.0%, P min 
0.2%, K min 2.0%, and Rumensin® 900 mg/lb.
4Calculated analysis.

EW calves were 6 percent heavier than 
the NW calves; EW calves gained 
299 pounds during the background 
period, while NW calves gained only 
144 pounds (P < 0.004, Table 2). Calf 
weight gain was directly infl uenced 
by the number of days on feed. Early 
weaned calves spent 49 days more on 
higher energy rations (based on wean-
ing date) as compared with the NW 
calves (EW= 91 days, NW = 42 days, 
respectively). Average daily gain was 
not different between treatments (3.34 
± 0.11 pound, P = 0.24). Addition-
ally, weaning date did not affect DMI 
(17.6 ± 0.42 pound, P = 0.71, Table 
2) or G:F (0.19 ± 0.006, P = 0.16); 
however, DMI, as a percent of body 
weight, tended to be higher for EW 
calves than NW calves (EW = 2.82 vs. 
NW = 2.65, respectively; P = 0.099, 
Table 2). Early weaned calves had 
greater feed costs per head ($148.27 

compared with $65.11 for NW calves, 
P < 0.0001, Table 2) due to a longer 
time spent in the feedlot during the 
background period. However, feed 
cost of gain ($0.495/pound gain) and 
total cost of gain ($0.575/pound gain) 
did not differ between treatments (P = 
0.11, Table 2). 

In this study, one steer from the EW 
group died during the background pe-
riod due to severe ruminal bloat, result-
ing in the EW calves having a numeri-
cally higher mortality rate (EW = 4.17 
percent  vs. NW = 0 percent, P = 0.35, 
Table 2). The mortality rate difference 
seen in this study is due to the use of 
a small animal population (48 calves) 
rather than experimental treatment 
differences. Veterinary medical costs 
were not different between the two 
groups (EW = $15.37/head vs. NW = 
$14.50/head, P = 0.86, Table 2); how-
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ever, NW calves had a slightly higher 
incidence of morbidity as compared 
with the EW calves (33.33 percent vs. 
12.5 percent, P = 0.096, Table 2). The 
increased morbidity observed in the 
NW calves is attributed to nine cases of 
respiratory illness, one rectal prolapse 
and an ear abscess (requiring multiple 
treatments), which occurred during the 
growing period. Early weaned calves, 
on the other hand, had fewer morbid-
ity events (three cases of respiratory 
illness and one rectal prolapse) during 
backgrounding. 

During the fi nishing period, calves 
were fed an ionophore (Rumensin®, 
300 mg/head/day, Table 1) daily. Fin-
ishing data is reported as observations 
for the commingled pen. During the 
fi nishing phase, calves averaged 2.92 
pounds of daily gain, consumed 21.1 
pounds of DM and had a G:F of 0.14. 

Calf age at slaughter was similar among 
treatments (P = 0.86, Table 2) and 
averaged 360 ± 7 days. The 10 calves 
that were slaughtered early (day 70 
and day 71) at Barton Meats in Car-

rington, N.D., were smaller framed 
animals as compared with the other 
calves in the group. As a result, these 
calves were ready for market at much 
lighter weights as compared with the 
rest of the calves in this study. Calf 
weaning date did not infl uence carcass 
characteristics for EW and NW calves; 
calves had similar live weights at the 
end of the fi nish period (1,059 ± 18.6 
pounds, P = 0.24) and HCW was not 
different between treatments (637 ± 
13.2 pounds, P = 0.23, Table 2). Ad-
ditionally, dressing percentage (63.4 
percent, P = 0.44), BF (0.55 ± 0.05 
inch, P = 0.68), REA (11.5 ± 0.43 
square inch, P = 0.27), and KPH (2.46 
percent, P = 0.29) were similar among 
treatments (Table 2). Marbling scores 
for the EW calves averaged 483 and 
465 for the NW calves (P = 0.43, Table 
2). These carcass results are similar to 
those reported by Myers et al. (1999b) 
and Schoonmaker et al. (2001). The 
EW calves’ quality grades ranged from 
low to high choice, with two EW 
calves achieving prime and one select; 
NW calves’ quality grades ranged from 
select to high choice, with seven NW 
calves scoring select and one prime. 
Myers et al. (1999a) reported that 
40 percent more early weaned steers 
graded average choice or greater at 
harvest than did their NW contempo-
raries. Yield grades (adjusted for HCW, 
BF, REA and KPH) were not different 
among treatments (EW = 3.04 vs. NW 
= 3.19, respectively, P = 0.65). 

Previous research (Myers et al., 
1999abc; Schoonmaker et al., 2001, 
Story et al., 2000) reported early 
spring-born (February and March), 
early weaned calves could be fed high-
energy fi nishing rations (0.60 to 0.64 

Table 2. The infl uence of weaning date on backgrounding calf performance 
and carcass characteristics.

Item EW1 NW1 SEM2 P-value3

Backgrounding calf performance    
 Initial weight, lb 478 591 1.41 < 0.0001
 Final weight, lb 782 736 3.66 0.004
 Days on feed4, days 91 42  
 Weight gain, lb 299 144 5.37 < 0.0001
 ADG, lb 3.24 3.43 0.11 0.24
 DMI, lb 17.70 17.50 0.42 0.71
 DMI, % BW 2.82 2.65 0.07 0.099
 Gain:Feed  0.183 0.197 0.006 0.16
 Feed costs, $/hd 148.27 65.11 3.03 < 0.0001
 Veterinary medicine costs, $/hd 15.37 14.50 3.50 0.86
 Feed cost of gain, $/lb 0.52 0.47 0.02 0.11
 Total cost of gain, $/lb 0.57 0.58 0.04 0.76
 Morbidity, % 12.50 33.33 0.08 0.096
 Mortality, % 4.17 0 0.03 0.35

Carcass characteristics    
 Age at slaughter, days 361 359 6.97 0.86
 Days on feed5, days 203 154  
 Live weight, lb 1075 1042 18.6 0.24
 Hot carcass weight, lb 649 625 13.2 0.23
 Dressing percent6, % 63.5 63.2 0.31 0.44
 Back fat thickness, in 0.56 0.53 0.05 0.68
 Ribeye area, sq. in 11.8 11.1 0.43 0.27
 Kidney, pelvic and heart fat, % 2.41 2.50 0.53 0.29
 Marbling score7 483 465 14.8 0.43
 USDA Yield Grade8 3.04 3.19 0.22 0.65

1Early wean (EW) and normal wean (NW).
2Standard error or mean, n=6.
3P-value for separation of treatment means; P-values < 0.05 are considered 
signifi cantly different.
4Days on feed for background period.
5Days on feed for background and fi nish period. 
6Dressing percentage calculation: hot carcass weight divided by shrunk weight (adjusted 
for 5% shrink).
7Marbling score conversion to USDA Quality Grade: 300-399 = Select; 400-449 = Low 
Choice; 450-499 = Average Choice; 500-549 = High Choice; 600+ = Prime. 
8Yield grade calculations: Preliminary Yield Grade minus carcass weight adjustment minus 
ribeye area adjustment minus kidney, pelvic and heart fat adjustment.
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Mcal NEg/lb) successfully postweaning 
to harvest. In these studies, calf car-
casses with higher quality grades were 
produced. In our research, EW calves 
had carcass quality similar to NW 
calves. Early weaned calves consum-
ing moderate energy (0.54 Mcal NEg/
lb) growing diets for 91 days prior to 
fi nishing still allowed cattle to have 
quality grades that are acceptable by 
industry standards. These results are 
supported by previous work conducted 
by Iiams and Trenkle (1997). In today’s 
climate of high grain and high rough-
age prices, calves fed moderate-energy 
diets in a defi ned growing period prior 
to fi nishing may be a necessity to 
prevent high costs of feed and gain for 
fi nishing cattle. Additional research is 
required with larger numbers of calves 
during multiple years to evaluate the 
economics of early weaning May-born 
calves. 

Implications
By design, early weaned calves were 
predictably younger and lighter at 
weaning; however, EW calves were 
heavier at the conclusion of the back-
ground period as compared with NW 
calves. Weaning date did not affect 
ADG, DMI or G:F during back-
grounding. Additionally, weaning date 
showed no effect on calf carcass charac-
teristics in this study. Early weaning is 
a viable option for producers who feed 
their calves for 91 days postweaning. 
Additional research is required with 
larger numbers of calves during mul-
tiple years to evaluate the economics of 
early weaning May-born calves. 
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Feeding cattle in North Dakota can be 
profi table, but huge differences exist in 
cattle performance. Thirty-seven North 
Dakota cow herds submitted calves 
to the feedout to determine cattle and 
carcass performance. Profi t without 
interest expense of the top fi ve pens of 
steers averaged $225.23 per head, while 
the bottom fi ve pens of steers averaged 
$33.21 per head. The overall average 
profi t without interest expense was 
$131.88 per head. 

Summary
North Dakota cattle producers con-
tinue to explore the value of the calves 
they produce by measuring feedlot 
performance and carcass characteristics. 
The Dakota Feeder Calf Show Feedout 
project was developed to discover the 
actual value of spring-born beef steer 
calves, provide comparisons among 
herds, and benchmark feeding and 
carcass performance. Cattle consigned 
to the feedout project averaged 639.7 
pounds upon delivery to the Car-
rington Research Extension Center 
Livestock Unit on Oct. 21, 2006. After 
an average 212-day feeding period with 
1.4 percent death loss, cattle aver-
aged 1,298.2 pounds (at plant, shrunk 
weight). Average daily feed intake per 
head, as fed, was 29.9 pounds, while 
pounds of feed required per pound of 
gain were 9.9. Diet dry matter (DM) 
was 78 percent. The pen-of-three calves 
averaged 418 days of age at harvest. 
Overall pen average daily gain was 
3.12 pounds. Feed cost was $0.471 per 
pound and total cost of gain without 
interest was $0.648. The cattle were 
marketed on May 22, 2007, and 
marbling scores averaged 432.6 (low 
choice). Profi t before interest expense 
ranged from $232.95 per head for pen-
of-three cattle with superior growth 
and carcass traits to a $6.32 per head 
return for a pen-of-three with poorer 
feedlot and carcass performance. The 
feeding and carcass value of spring-
born calves can be determined with 
participation in a feedout project. 

Introduction
Determining calf value is a continu-
ing experience for cow-calf producers. 
To remain competitive with other 
livestock and poultry in the meat 
industry, cow-calf producers need to 
identify superior genetics and man-
agement. At time of bull selection, a 
producer also must estimate the type 
of animal desired by buyers 1½ to two 
years before sale. Marketplace premi-
ums are provided for calves that have 
exceptional feedlot performance and 
produce a high-quality carcass. In ad-
dition, superior, cost-effective feeding 
performance is needed to justify the 
expense of feeding cattle past weaning. 
Since North Dakota feeds were low 
cost and the climate is favorable, low 
feeding cost per pound of gain can be 
accomplished (Hoppe et al., 1997). 
This feedlot project was developed to 
provide cattle producers with an un-
derstanding of cattle genetics and cattle 
feeding in North Dakota. 

Materials and Methods
The Dakota Feeder Calf Show was 
developed for cattle producers will-
ing to consign steer calves to a show 
and feedout contest. The calves were 
received in groups of three or four 
on Oct. 21, 2006, at the Turtle Lake 
Weighing Station, Turtle Lake, N.D., 
for weighing, tagging, processing and 
showing. The calves were evaluated for 
conformance and uniformity, with the 
judges providing a discussion to the 
owners at the beginning of the feedout. 
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The calves then were shipped to the 
Carrington Research Extension Center, 
Carrington, N.D., for feeding. Prior 
to shipment, calves were vaccinated, 
implanted, dewormed and treated with 
prophylaxis Tetradure (oxytetracycline). 
Calves then were sorted and placed on 
corn-based receiving diets containing 
varying inclusions of fi eld peas. After a 
two-week adaptation period, the calves 
were moved onto a corn-based 80 
percent grain diet also containing vary-
ing inclusions of fi eld peas. Cattle were 
weighed every 28 days and updated 
performance reports were provided to 
the owners.

An open house was held on Feb. 9, 
2007, at the Carrington Research Ex-
tension Center Livestock Unit, where 
the owners reviewed the calves and 
discussed marketing conditions. 

The cattle (143 head) were harvested 
on May 22, 2007. Cattle were sold to 
Tyson Fresh Meats, Dakota City, Neb., 
on a grid basis with premiums and 
discounts. Carcass data was collected 
after harvest. 

Ranking in the pen-of-three com-
petition was based on the best score 
obtained. Overall score was determined 
by adding the index score for weight 
per day of age (20 percent of score), 
average daily gain on test (20 percent 
of score), marbling score (20 percent of 
score) and retail product value divided 
by weight per day of age (40 percent of 
score). The Dakota Feeder Calf Show 
provided cash awards for the top-plac-
ing pens of steers.

Results and Discussion
Cattle consigned to the Dakota Feeder 
Calf Show Feedout project averaged 
639.7 pounds upon delivery to the 
Carrington Research Extension Center 
Livestock Unit on Oct. 21, 2006. After 
an average 212-day feeding period, 
cattle averaged 1,298.2 pounds (at 
plant, shrunk weight). Two deaths, or 
a 1.4 percent death loss, occurred dur-

ing the feeding period. Average daily 
feed intake per head was 29.9 pounds 
on an as-fed basis and 23.3 pounds 
on a dry-matter basis. Pounds of feed 
required per pound of gain were 9.90 
on an as-fed basis and 7.7 pounds on a 
dry-matter basis.

Overall feed cost per pound of gain 
was $0.471. Overall yardage cost per 
pound of gain was $0.082. Combined 
cost per pound of gain, including feed, 
yardage, veterinary, trucking and other 
expenses except interest, was $0.648.

The number of cattle consigned was 
143, of which 105 competed in the 
pen-of-three contest. Cattle were not 
implanted during the feeding period.

The carcass characteristics were col-
lected and used in calculating indexes 
for scoring. The cattle were harvested 
May 22, 2007, and USDA Quality 
Grades averaged 0.7 percent Prime, 
58.9 percent Choice (including 14.9 
percent Certifi ed Angus Beef ), 38.3 
percent Select and 2.1 percent Stan-
dard and USDA Yield Grades at 0.7 
percent YG1, 34 percent YG2, 56.8 
percent YG3 and 8.5 percent YG4. 

Carcass value per hundredweight (cwt) 
was calculated by using the actual 
base carcass price plus premiums and 
discounts. Grid prices were: May 22, 
2007 - $159.94 Choice YG3 base 
with premiums of Prime $29.55, CAB 
$5.93, YG1 $4 and YG2 $2.50, and 
discounts of Select $-11.70, Standard 
$-14 and YG4 $-15.

Retail product value was calculated as 
carcass weight, pound * percent retail 
product *(((carcass value per cwt/100)/ 
retail product yield) / retail product 
markup) where retail product yield 
= 0.65 and retail product markup = 
0.75. Percent retail product value was 
calculated as 0.825 - (calculated yield 
grade *0.05).

Results from the calves selected for the 
pen-of-three competition are listed 
in Table 1. Overall, the pen-of-three 
calves averaged 418 days of age and av-

eraged 1,309.4 pounds per head at har-
vest. Overall pen-of-three average daily 
gain was 3.12 pounds, while weight per 
day of age was 3.30 pounds. Overall 
pen-of-three marbling score was 441.2, 
or 41.2 percent, into the low choice/
small marbling category. Retail product 
value averaged $1,822.48 per head. 
Retail product value divided by day of 
age averaged $4.36.

The highest combined index score per 
pen-of-three was 3.393. While the 
highest overall scoring pen did not 
place fi rst in marbling score, harvest 
weight or weight per day of age, it did 
place fi rst for average daily gain and 
percent retail product value divided by 
weight per day of age. The correlation 
between index score total and profi t 
was fair (r = 0.8774). The correlations 
between profi t and average daily gain, 
weight per day of age, marbling score 
or percent retail product value divided 
by weight per day of age are shown in 
Table 2.

Profi t or loss was calculated using ini-
tial calf price as price per 100 pounds, 
$ = 166.15081 – (0.07598 * initial calf 
weight). Profi t or loss accounted for 
initial calf price, feed, yardage, veteri-
nary, freight, brand inspection, beef 
checkoff, ultrasound and carcass data 
collection costs. Interest costs (on cattle 
or feeding expenses) were not included 
in calculating profi t or loss. Final car-
cass value was assessed using the actual 
grid pricing for the harvest group.

Overall, cattle feeding provided a 
$107.89-per-head profi t before interest 
expense was deducted. However, the 
top profi t pen-of-three calves with 
superior genetics returned $232.95 per 
head, while bottom pen-of-three calves 
returned $6.32 per head. The average 
of the top fi ve pens of steers averaged 
$225.23 per head, while the average of 
the bottom fi ve pens of steer averaged 
$33.21 per head. The overall average 
was $131.88-per-head profi t. 
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Implications
Calf value is improved with superior 
carcass performance. Feedlot perfor-
mance is also important for increased 
weight gain and heavier carcass 
weights. Exceptional average daily 
gains, weight per day of age, marbling 
score and retail product value can be 
found in North Dakota beef herds. 
Feedout projects provide a source of 

information for cattle producers to 
learn about genetics and discover cattle 
value.
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Table 1. Feeding performance – 2006-07 Dakota Feeder Calf Show Feedout.

     Average  Average   Average 
     Harvest Average Weight per  Average Feeding
  Pen Best Three Average Weight Daily Gain Day of Age Marbeling Retail Product Profi t or
 (sorted by profi t) Score Total1 Birth Date (pounds) (pounds) (pounds) Score2 Value/DOA3 Loss/Head 

 1 3.39  8-Apr-06 1,398  3.59  3.61  453   $5.02   $227.35 
 2 3.38  30-Mar-06 1,400  3.56  3.53  520   $4.70   $232.95 
 4 3.29  2-Apr-06 1,288  3.04  3.28  543   $4.80   $225.10 
 6 3.28  1-Apr-06 1,451  3.50  3.68  433   $4.72   $227.72 
 13 3.17  2-Mar-06 1,425  3.22  3.38  510   $4.36   $213.04 
 average of top 5 3.30  27-Mar-06 1,392  3.38  3.50  492  4.72  225.23 
 3 3.30  6-May-06 1,244  3.16  3.44  550   $4.61   $158.55 
 5 3.28  23-Mar-06 1,316  3.19  3.27  587   $4.45   $200.75 
 7 3.27  16-Mar-06 1,435  3.77  3.51  423   $4.69   $196.21 
 8 3.27  29-Mar-06 1,483  3.64  3.74  383   $4.80   $153.64 
 9 3.24  24-Mar-06 1,360  3.40  3.38  587   $4.08   $164.29 
 10 3.20  15-Apr-06 1,376  3.26  3.61  350   $5.08   $138.87 
 11 3.20  8-Apr-06 1,283  3.43  3.32  483   $4.48   $194.76 
 12 3.17  1-Apr-06 1,325  3.40  3.36  453   $4.57   $162.73 
 14 3.15  26-Mar-06 1,352  3.22  3.38  433   $4.65   $165.57 
 15 3.10  9-Apr-06 1,231  3.04  3.18  503   $4.39   $164.36 
 16 3.10  1-Apr-06 1,378  3.23  3.49  437   $4.38   $156.25 
 17 3.09  9-Mar-06 1,489  3.26  3.58  360   $4.65   $163.01 
 18 3.02  13-Apr-06 1,315  3.18  3.44  383   $4.42   $80.37 
 19 3.00  28-Mar-06 1,313  2.87  3.30  453   $4.33   $128.99 
 20 2.99 16-Mar-06 1,350  3.30  3.30  380   $4.35   $113.52 
 21 2.98  16-Mar-06 1,242  3.07  3.03  460   $4.25   $144.91 
 22 2.97  9-Mar-06 1,342  2.93  3.22  420   $4.39   $147.69 
 23 2.91  24-Mar-06 1,319  2.78  3.29  417   $4.25   $99.79 
 24 2.89  3-Apr-06 1,290  3.16  3.29  393   $4.04   $73.57 
 25 2.89  29-Mar-06 1,158  2.85  2.92  473   $4.10   $136.11 
 26 2.88  6-Apr-06 1,172  2.88  3.01  503   $3.84   $68.38 
 27 2.88  29-Mar-06 1,308  2.77  3.30  427   $4.11   $94.34 
 28 2.88  24-Mar-06 1,284  3.01  3.20  388   $4.19   $104.37 
 29 2.88  21-Mar-06 1,307  3.00  3.23  390   $4.16   $89.95 
 30 2.86  30-Mar-06 1,206  2.90  3.05  420   $4.14   $87.99 
 33 2.83  2-Apr-06 1,269  2.92  3.23  410   $3.93   $86.91 
 37 2.74  12-Mar-06 1,162  3.03  2.81  460   $3.59   $116.85 

 31 2.86  29-Mar-06 1,269  2.73  3.20  387   $4.32   $66.43 
 34 2.80  14-Apr-06 1,188  2.91  3.12  367   $4.14   $35.73 
 36 2.78  10-Apr-06 1,181  2.94  3.06  440   $3.71   $31.22 
 32 2.86  14-Apr-06 1,281  2.65  3.36  350   $4.45   $26.39 
 35 2.80  31-Mar-06 1,252  2.88  3.17  400   $3.94   $6.32 
 average of bottom 5 2.82  7-Apr-06 1,234  2.82  3.18  389  4.11  33.22 

Average  3.04  30-Mar-06 1,309  3.13  3.31  441   $4.36   $131.88 
 Standard Deviation 0.19 12.4015 87 0.28 0.21 63 0.34 61.05
Number  37 37 37 37 37 37 37 37

1Best Three Score Total is the combined overall score for the best three calves consigned. The individual overall score is calculated as: Overall score = (weight per 
day of age index * 0.2) + (average daily gain index * 0.2) + (marbeling score index * 0.2) + (retail product value divided by weight per day of age index * 0.4).
2Marbling score (USDA Quality Grade): 100-199 (Standard), 200-299 (Select), 300-399 (low Choice), 400-499 (average Choice), 500-599 (high Choice), 
600-plus (Prime)
3DOA = days of age

Table 2. Correlation between profi t 
and various production measures.

 Correlation 
 coeffi cient

Profi t and index score 0.8774
Profi t and average birth date  -0.2216
Profi t and average harvest weight 0.5762
Profi t and average daily gain 0.7078
Profi t and weight per day of age 0.5043
Profi t and marbling score  0.5491
Profi t and percent retail product 
 value divided by day of age  0.6582
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Data were collected from three sale 
barns in North Dakota and two 
sale barns in both South Dakota 
and Montana during late autumn 
and midwinter to determine factors 
infl uencing the sale price of feeder 
calves from these auction markets. 
Selling calves in larger lot sizes seems 
to be economically advantageous and 
the value of vaccination history varied 
depending on marketing time.

Summary
Our objective was to determine 
factors infl uencing the sale price of 
feeder calves from North Dakota, 
South Dakota and Montana auction 
markets. Data were collected at three 
auction markets in North Dakota and 
two auction markets in both South 
Dakota and Montana in fall 2006 
(68,475 calves; 520 ± 26 pounds of 
average weight; three sales per market) 
and winter 2007 (30,106 calves; 646 
± 35 pounds of average weight; three 
sales per market). Data were col-
lected during the same weeks in each 
state to reduce confounding effects 
of fl uctuations in market patterns. 
The following data were collected for 
each lot of calves sold: lot size, sex, 
weight, breed description, vaccination 
history, implant status and natural 
program-qualifi ed. In the fall, lot sizes 
≥ 21 head received greater (P = 0.04) 
prices when compared with lots of ≤ 
20 head. Lot sizes of 11 to 20 and six 
to 10 head were priced similarly (P = 
0.92) but were greater than (P < 0.001) 
lots of ≤ fi ve head. The price for steers 
was $9.78/hundredweight (cwt) greater 
(P < 0.001) than for heifers. The price 
for black cattle was greater (P = 0.002) 
than prices received for mixed, red and 
white cattle that were priced similarly 
(P ≥ 0.28). Vaccinations (seven-way 
clostridial, four-way viral and Pasteur-
ella) increased (P ≤ 0.04) sale price in 
the fall, compared with calves with no 
vaccination history. In winter, the price 
for lot sizes of ≥ 21 head was greater 
(P < 0.03) than lots of ≤ 20 head. Lot 

sizes of 11 to 20 and six to10 head 
were priced similarly (P = 0.38) but 
were greater than (P < 0.001) lots of 
≤ fi ve head. The price for steers was 
$8.40/cwt greater (P < 0.001) than 
heifers. The price for both black and 
white cattle was greater (P ≤ 0.04) 
than mixed and red cattle. Vaccination 
history did not affect (P = 0.71) the 
sale price in winter. Data suggest feeder 
calf price is dependent on multiple 
factors. Selling calves in larger lot sizes 
is economically advantageous, whereas 
the value of vaccinating varied depend-
ing on marketing time.

Introduction
Feeder calf prices are dependent on 
multiple factors. Many of these factors 
are affected by environmental condi-
tions, such as feed prices, slaughter 
cattle prices and weather conditions 
(Schroeder et al., 1988). Other factors, 
such as lot sizes, calf weight, vaccina-
tion programs and season of the year, 
can be controlled by the producer 
when calves are marketed (Schroeder et 
al., 1988; King and Seeger, 2004a, b). 

Calves marketed in larger lot sizes 
receive premiums, compared with 
calves sold in smaller lot sizes (Barham 
and Troxel, 2007). Premiums may be 
paid for larger lot sizes because they 
facilitate fi lling truckloads and cattle 
originate from fewer sources. 

Calves in value-added programs sell for 
greater prices, compared with un-
weaned, unvaccinated calves (King and 
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Seeger, 2004a, b; Corah et al., 2006). 
The price advantage for calves in value-
added programs has been increasing in 
recent years (King and Seeger, 2004b).

Little quantitative information exists 
on factors infl uencing price of North 
Dakota, South Dakota and Montana 
feeder calves. Because prior manage-
ment may affect calf prices received in 
the marketplace, informing producers 
of these factors is important for them 
to make informed decisions. There-
fore, the objectives of this study were 
to determine factors infl uencing the 
sale price of feeder calves from North 
Dakota, South Dakota and Montana 
auction markets.

Materials and Methods
Data were collected from three sale 
barns in North Dakota and two sale 
barns in both South Dakota and 
Montana (seven sale barns total) dur-
ing the weeks of Oct. 23, Oct. 30 and 
Nov. 6, 2006 (fall), when most calves 
sold were freshly weaned. The three 
auction markets in North Dakota were 
Napoleon Livestock, Napoleon; Kist 
Livestock, Mandan; and Stockmen’s 
Livestock, Dickinson. The two auction 
markets in South Dakota were Faith 
Livestock, Faith; and Philip Livestock 
Auction, Philip. The two auction 
markets in Montana were PAYS Auc-
tion Yard, Billings; and Miles City 
Livestock Commission Co., Miles 
City. Data were collected at the same 
auction markets during the weeks of 
Jan. 15, Jan. 29, and Feb. 12, 2007 
(winter). University representatives 
were present at each sale and collected 
the following for each lot of calves sold: 
lot size, sex, weight, hide color, health 
programs, vaccination history, use of 
deworming products, implant status, 
natural program-qualifi ed, source and 
age verifi cation status, and beef quality 
assurance (BQA) status. 

Lot sizes were categorized into groups 
of ≥ 21 calves, 11 to 20 calves, six to 
10 calves and ≤ fi ve calves. Lots of 

calves sold were split into four color 
categories. Categories used for color 
were black, red, white and mixed-color 
pens. Lots were categorized based on 
75 percent of one lot having a pre-
dominant color. For example, a lot 
having four black calves and one red 
calf would be categorized as a black 
lot. A lot having two black calves and 
three red calves would be categorized 
as a mixed-color lot. Three categories 
for vaccination status were used: 1) 
calves receiving a seven-way clostridial 
vaccination plus four-way viral vaccina-
tion plus Pasteurella vaccination (741 
vaccination program), 2) four-way viral 
vaccination only, or 3) calves with no 
vaccination history or having only a 
seven-way clostridial vaccination.  

Results and Discussion
Data are presented as fall sales (Octo-
ber and November, 2006; Table 1) and 
winter sales (January and February, 
2007; Table 2). 

Fall Sales
During fall 2006, there were 68,475 
beef calves sold in 6,251 lots (Table 1). 
The average weight was 520 pounds, 
with a price slide of $8.60/cwt.

Lot size affected (P < 0.001) calf price. 
Calves sold in lot sizes ≥ 21 calves were 
worth $114.74/cwt, which was greater 
(P = 0.04) than lot sizes of ≤ 11 head. 
Calves sold in lot sizes of 11 to 20 and 
six to 20 were priced similarly (P = 
0.92; $112.81/cwt). Calves sold in lot 

Table 1. Factors infl uencing price of North Dakota, Montana and 
South Dakota calves during fall 2006.

 Number  Price
Factor of Lots Lot Price Premiuma P-value

Lot size    <0.001
 ≥ 21  911  114.74a 6.20 
 11–20  885  112.85b 4.31 
 6–10 1,113  112.76b 4.22 
 ≤ 5 3,342  108.54c 0.00 

Calf sex    <0.001
 Steers 3,440  117.11a 9.78 
 Heifers 2,805  107.33b 0.00 

Color    <0.001
 Black, BWFb 3,831  114.40a 3.48 
 Mixed  968  112.15b 1.23 
 Red, RWFc  983  111.42b 0.50 
 White  450  110.92b 0.00 

Vaccinations    <0.001
 4-way viral 1,191  113.46a 2.50 
 741d 1,559  112.24a 1.28 
 No vaccinationse 3,502  110.96b 0.00 

Natural    0.04
 Yes  898  113.00a 1.55 
 No 5,354  111.45b 0.00 

Implants    0.18
 Yes  286 113.05 1.66 
 No 5,966 111.39 0.00 

Base weightf 6,251  -0.086 <0.001
Base weight (quadractic) 6,251   0.0001 <0.001

aPrice in $/cwt
bBWF = black white face
cRWF = red white face
d741 = 7-way clostridial plus 4-way viral plus Pasteurella
eNo vaccination history, but may have 7-way clostridial 
fMean base weight of all lots (520 lb) – base weight of each lot
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sizes of ≤ fi ve sold for less (P < 0.001; 
$108.54/cwt) than larger lot sizes. 

As expected, calf sex infl uenced (P < 
0.001) sale price. Prices for steer calves 
were greater (P < 0.001) than prices for 
heifer calves ($117.11/cwt vs. $107.33/
cwt for steers and heifers, respectively). 

An effect (P ≤ 0.001) of color was ob-
served in the fall. Black cattle sold for 
$114.40/cwt, which was more than (P 
< 0.002) for the other colors of cattle. 
Pens of mixed-color, red and white 
cattle were priced similarly (P ≥ 0.28) 
and averaged $111.50/cwt. 

An effect (P < 0.001) of vaccinations 
was observed for calves sold in the fall. 
Calves vaccinated with a four-way viral 
vaccine only or 741 vaccination pro-
gram were priced similarly (P = 0.11; 
$112.85/cwt) and were priced greater 
(P = 0.04) than calves sold with no 
vaccination history ($110.96/cwt). 

In the fall, there was a small premium 
for calves that qualifi ed for a natural 
program (P = 0.04). Producers received 
a $1.55/cwt premium when calves were 
marketed as natural qualifi ed. 

Implant status did not have an ef-
fect (P = 0.18) on sale price of calves. 
Insuffi cient lots sold as source and age 
verifi ed and BQA certifi ed in the fall 
prevented determination of the value 
of those attributes.

Winter Sales
In winter 2007, there were 30,106 
calves sold in 2,698 lots (Table 2). The 
average weight was 646 pounds, with a 
price slide of $5.50/cwt.

Lot size had an effect (P < 0.001) on 
calf price during the winter. Calves sold 
in large lot sizes (≥ 21 calves) received 
a premium (P = 0.03), compared with 
calves sold in lot sizes of ≤ 11 head. 
Calves sold in lot sizes of 11 to 20 and 
six to10 were priced similarly (P = 
0.38) and sold for $98.29/cwt. Calves 
sold in small lot sizes of ≤ fi ve sold for 
less (P < 0.001) than all other lots of 
calves ($94.47/cwt). 

Table 2. Factors infl uencing price of North Dakota, Montana and 
South Dakota calves during winter 2007.

 Number  Price
Factor of Lots Lot Price Premiuma P-value

Lot size    <0.001
 ≥ 21  406  99.42a 4.95 
 11–20  442  98.47b 4.00 
 6–10  494  98.11b 3.64 
 ≤ 5 1356  94.47c 0.00 

Calf sex    <0.001
 Steers 1416  101.82a 8.40 
 Heifers 1282  93.42b 0.00 

Color    <0.001
 Black, BWFb 1594  98.84a 2.08 
 White  162  98.02a 1.26 
 Mixed  545  96.87b 0.11 
 Red, RWFc   396  96.76b 0.00 

Vaccinations    0.71
 4-way viral  622  97.78 0.29 
 741d 1332  97.59 0.10 
 No vaccinationse  744  97.49 0.00  

Base weightf 2698  -0.055 <0.001
Base weight (quadractic) 2698   0.0001 <0.001

aPrice in $/cwt
bBWF = black white face
cRWF = red white face
d741 = 7-way clostridial plus 4-way viral plus Pasteurella
eNo vaccination history, but may have 7-way clostridial 
fMean base weight of all lots (520 lb) – base weight of each lot

Calf sex had an effect (P < 0.001) on 
price. Steer calves sold for $8.40/cwt 
more (P < 0.001) than heifer calves 
($101.82/cwt vs. $93.42/cwt for steers 
and heifers, respectively). 

Color infl uenced (P < 0.001) calf sale 
price in the winter months. Black cattle 
were priced similarly (P = 0.12) to 
white cattle and sold for $98.43/cwt. 
Black and white cattle received greater 
(P ≤ 0.04) prices, compared with 
mixed-color and red calves. Mixed-col-
or and red cattle were priced similarly 
(P = 0.80) and sold for $96.82/cwt, 
respectively.

These data suggest that the price 
received for feeder calves in North 
Dakota, South Dakota and Montana 
is dependent on multiple factors. Sell-
ing vaccinated calves in larger lot sizes 
seems to be economically advantageous 
and the value of vaccination history 
varied, depending on marketing time. 
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